MASTER METALS, INC., 2850 W. THIRD ST., CLEVELAND, OHIO 44113 ¢ (216) 621-2361 FAX 621-7475

Lead Swmelter and Refi
21 August 1991 ad Omelter an jma

Ohio Environmental Protection Agency

Division of Solid and Hazardous Waste Management
1800 WaterMark Drive

Columbus, Ohio 43266-1049

RE: Certification of Precompliance

Dear Sir:

On 21 May 1991 Master Metals, a secondary lead smelting
facility, submitted a notification of possible hazardous
waste activity based on the industrial furnace
regulations.

As gpecified in Part 266.10 (c)}, operators of smelting,
melting, and refining furnaces, that process hazardous
waste solely for metal recovery are conditionally exempt
from the industrial furnace regulations unless the
hazardous waste has a total concentration of organic
compounds listed in Part 261, Appendix VIII, exceeding .
500ppm. One feedstock processed by Master Metals contains ' R
tetraethyl lead (TEL), an organic compound listed in
Appendix VIII. The amount of TEL in the materlal varies
and may at times exceed 500 ppm. '

. Master Metals had requested for advice as to whether
Master Metals is exempt from Part 266.100 and if not
exempt what additional standards are applicable to this
situation. No response has been forthcoming from USEPA or
OEPA on this matter.

Therefore, Master Metals is submitting an engineering
study completed for Master Metals by a registered o
professional engineer. This study, using computer modeling

and best engineering judgement, indicates that the

smelting of this material meets the emission standards

pertaining to organic emissions, particulate matter,

specified metals, HCl, and Cl2. In addition, Master Metals

conducted stack compliance testing in March 1991, which

indicated compliance with the lead, particulate, and

sulfur dioxode emissions limitations.

g
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Master Metals believes that the above is suffficient data
to prove compliance with the industrial furnace emissions
regulations, even though it is not at all clear whether
these regulations pertain in this situation.

Please contact Mr. Rudy A. Zupan at (216) 621-2361 if you

have any questions, comments, or require additional
information.

Sincerel%iz
i e -
o o
/?a*-’:, o

o

Dougilas K.

cc: Michael Cyphert, Esg.
Thonpson, Hine, & Flory

USEPA, "Region V o
Waste Management Division 5HR-13
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E .fRe Reply to your QUES“O“ as posed by Ch”SKnopf (#3 7/9/90)

ngm What is the mteraction between sulfur dioxtde emtss'
e nglz Smeltmg lead- acld battery wastes With soda asn and iron. m short;{

- ".,{-‘reports to the gas phase entering the baghouse generany as SOz

‘ '-‘._'_",;'_The sﬂicate slag phase nalds up te wz% S 1e ~}/3 0f the sulfur ln yourﬁ
- typical furnace charge Up to~1/2 of the sulfur in Master Metals’ typical

. other metal suifides, as well as Fe0. For detals on.our understanding of

-}.'Slag Composmons ln Rotary Furnace Smelt ng of Leady Resfdues i

SN DI -‘-'_Up to ml/r—‘i of the sulfur in a typ cai Master Metals furnace charge ﬁrst.---

o oreports to the flue gas, then reacts with metal oxides in.the gas, probably =
o te rorm metal sulfates. The sulfates are collected in the baghouse as-flue- ..
g dust e g as Zn504 and Pbso.q, then subsequent]y recyc!ed to the fumace .

-"__'_._ber of solution varfables, inciuding temperature.: Too much Na20 results

Hamn Reaeamh im: )
"460: indfana St., Goiden, CO 80403
:.;;_..279 4501 FAX 2?8 i528 o i

B S cc ':"‘Barry Hansen__i}}-
Date: 7/16/90_,_, | _' Time i330 | |
T Project 6911 -

To o Me Dougias Mickey, Master Metals

*;j;From - Paul Queneau, Hazen Reseé#ch

and hazardous constituents in the slag?

o rotary. rurnaces typicany per‘mfts capture of at least 98% the furnace
~charge's sulfur content as slag, matte, and dust “The.balance.of the sulfur‘_;

“charge. is captured as NaoS- xFeS ‘matte, in which is dissmved PbS and.

" the furnace metallurgy, refer-to our publication, “Optimizing Matte and

e Whether the slag matte waste is hazardaus via the EP or TCLP ieach tests i
s hypothesized to be a function of the.amount of Naz0 In the slag that Is
" available 1o neutratize. the acidic leachant.  The solubility -of lead is a

~ minimum at about pH.11. The exact pH of this minimum depends on a num-=-

in-increased lead solubility as Pb(OH)3™; too Nitle Nag0 results in in~
- creased lead solubility as Pbs(OH)ﬁ"‘ and. Pb3(0H)42+ Refer to Figure_- o
i59andTab}e 1517 attached i R




¥ mmm Envxronmemal Protecuon_“Agency 2200 Churchill Road, Springfield

217/782 6760

Refer-to. 0312580063 == 000K COuntyﬂ
o Riverdale/Acme Steel Co, vl
Waste Stream Perm1t #83079

Hay 19, 1988

fDaV{d dIJRSQmﬁérg

;‘Dear ﬂr; Hoimberg

In vaSpanse to yeur 1etter of A il 2 : p = nvarsatiou

please be informed that the: charcoa1 drass ¢urrent1 spermitied for di spo:

permit 830796 can be considered-an “industrial’ matﬂrial“ if it 1s used.a

feedstock for ASARCO or any other similar:lead user and not a s01id-waste.

This material’ can-be transferred.for users. re=users without being’ subject
' 1 g nd the materia1*1s not: subdeit

ée ?frnm properiyﬁcontaining, 1abe11ng. st0r1ng nd_transport1ng thi
industrial materfal in.a proper-manner and in accordance with all othe
erti ntlrules

: ;furthergquestions,.p1ease glve:!
produces any other Jindustris) materials. that may. be of. use. for: other:
dustries, or 1f Acme Stee)-can use other industries' samples or "waste
terials, consider. additiona] uses of the Industrial Materia1 Exchange
Service (IMES, or. the 'waste exchange") for help.with th i
8 d' T the latest IMES. publication

Eastep, Penm1ts‘
‘Savage, FOS -
- Hy Chappel, Comp11anc
' Horgan. I“Ld
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Fig1 15 9. Distnbution of hydxolysis products (x,y) at I = l m and 28° in (a) D.I m

_-f.j Pb('ﬂ}, (6) 107% i PH(ID), and (c) solutions saturated with Fu0. The dashed curves in ¢ and
srt bdenote regions supersaturated wllh respecr. 10 PbO, the heavy curve. in c Ls the total -
L concen!ratlon of lend(!l) ¥ o e . ‘

IS 4 3 Summary The hydrolys:s behawor of Pb"’ ion has bcan the subjec

of extensive work involving a large numbcr of ph) sical chemical techniques. This '

= “ton is a medel case in which the species identification from most: of the.
" information is quite consistent, There are seven specws (including ‘the unco

" plexed Pb®') which exist under widely varying conditions (see Table 15.17);

- their distribution Js shown. in Fig. 15.9, At least four-of ‘the hydrolysis species .

e may be cons:dered 10 be def‘mtely 1denuf“ed and th:s is poss:ble because of the:




Table (5. n Summw om” hydmlysii at :ss c
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LI Fig 15 ED Dutributicn of dlma(hyiiead(l\') md specl&s (x,y) at!- d 1 (
“Glm (CH;);PB(W) and (b) _10 am (CH;):?b(W) i

. Wide rangc of ccmposmons whlch arc avaﬂab!e for swdy The most pmmmcnt B

- polynuclear species are Pby (OH)s* and Pb;,(DH)g“* Hydroxyl numbers up 10
~about 1.33. and concentiatiqns of Pb(l!) in"excess-of 2 M are atlainable, The -
s;able ‘oxide phase at 25°C" is red. telrmonal PbO.: H)fdroiys:s of (CHsjz Pp2 :
‘ogcurs above pH of 5, ‘and. 1he distrity, o oof spccles inlm salt mcdlum is
shown in-"Fig. 15.10, :Pb**" h)‘droiyzts very ‘extensively, but ils: hydrolysxs.f-*.?_'.-_.
‘produms are. not: well Lnown. Pb(OH)G s, probabiy the amomc sPccses
i'cccmnng in basa SRR : : o
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:_;;H&ZEN 4601 Indiana St, Golden, CO 80403
| 1_-.5j:_';.---5;‘lE%i limlﬁi 279 4501 FAX 278 1528

-.5'_-‘.;"._.':”::F.esx mmsm?m. co: Tom Helms

o pate wszgo = | Time 1030
'v-:_‘:-._.-Pages g_ PrOJect 6911

o ?ri_""".""fTa Mr Dauglas Mickey, l"laster Metals ';' e
' :-:-f-__;-Fax# (216)621-7475 AN

-_"-"f‘-';::From 'Pau! Queneau Hazen Research - ARE SRR
L __Fee Your question on adding soda ash to your mam baghouse
) - tolimit soz em13510n5 R T

L 'Addmg soda ash (NagCOs) to the gas stream entermg your primary bagnouse;
‘*:-_-appears tobea winner; That small portion of the sulfur that escapes.fixa~
~ »tion inthe slag can thus be captured. Furthermore, the' soda ash provldes__
. .______".j_adciittonal alkalinity. to neutralize H2S04 that may form due to. excursions
- “below the dew point. For a general description of dry scrubb ing practxce in
" this case Using nahcolite (NaHCOs, |e, sodrum bicarbon the ;
‘ -__f"-tached paper by ND Shah SO RN

_ _-.:-'.;"f.'-':tractwe is. that you have 100% dust recycle back to the fumace
o :;__-values added to the baghouse are thus fu ly utllized in the furnace

e -:_;:_;Note that dry scrubblng wrth sodd ash hab fundamental difrerence )2
. '_i._collection using nahcolite.  Nahcolite operates best above 300°F to facili;
' tateits decomposition to Soda ash. - This decomposition process generates
ow density Naz(03 havmg high active surface area. - However, when using
.+ . sodaash directly, the: Na2c03 must aiready be in an actlve form:to..pmwde

-“-.,f"-effiment 802 collectiaﬁ N R A .

| ""':'The roimw!ng are suggestlons that you may wlsh to consider




. Hazen Research,







DRY S
STORAGE | = OILER

VEHIZEH

.l sowou ASH

L-.m-...sonasu'r AHD Am p—

.POLLUTIO‘I CO"QTROL PRAC'I‘I CES

NDShah
Mult: Mmeral C‘orp Gra.nd Junct:on. Co 81501' :

i 'Ii l§ &B\'anta"eohs 'id u:edry scrubbmg processes to remme :
80, from flue gases, There are three major flue gas desul- - g :
furnzat«{on pIOCESSES' wet, scrubbmg. spray drym and dry ’I‘able 1.‘ ?g'Factors mﬂuencm

““TThe. factnrs mﬂu.encmrr the selectmn of.& dryascrubbmg ; sCru bbCI':S electio

.:-.process areanalyzed in this article. Nahcolite is used asthe L
" dry-serubbing agent.for this analysis, because nahcolite (a Sulfur Content of the Co,ﬂi :
" “naturally occurring sodium bicarbonate mineral) is shown - : 2_ Type sfPart;cuEate{? ral

4o be the ‘most Jikely- candidate’ for future commercial . 3 W' Re
_applications. However, most of the conclusions about neh- . L at'er eqmrements
.“colite scrubbing are valid.for processes employing other - 4 Locauon of the Plan

-dry- scrubhing agents, “if allowances are . made for thmr, i :
'_'_reduced reacuwly. lncrcased casb, er.c. SRR R e e :-:5. SO“‘ Re'nmal
: B RN - 8,-NO, Remomi

S 7 Encrgy Consurﬁpt:o
=B, Cost

: 'Advantagcs ofdry scrubbmb
) Operatmg Fxperlence
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F;gure _2“‘-C05t 'of'dry scrubbmg vs. %S

in . coal

. -well knawn technology A v.ealth of data arg avallable in the.} s
liternture; ‘concerning the 'commercial- operation -of ‘wet
scrubbing systems.:Even thnugh wet scrubber technology ¢
has been commerc:ally proven, pxocnss rehablhty has oflten T
“sealing ¢

been disappointing. Corrosion,” erosion,  plugging,’
and freezing have been identif ed as major prohlems w:lh
. Mt-sc ubbll’l"’S} tem. T :

: Because the majoriiy.of the wet scrubber problems relate e
to the use of circulating alkaline water solutions, spray dryer ..
technology has: been. intmduceci to reduce water require- -,
ments, by abaut one half. In. the spray- dir\fanﬂr process, &
solution is sprayed intq the flue gas stream. The sprayed -
material reacts with SO, and at the same time water evapo-
tates {from the heat of the flue gas) resulting in dry waste.
The dried malerial also reacts with 1.he SO, dunng collecuon

_ . currently being conducted by :Public’ Serv:ce Co
_ Lo : Gl Colerado, Electrlc Pawer Rescarch Institute and Mu
Fyven 1hnugh spray dr}er technaloey appears more prom-':_ -

in thc pamcu)a _ contra! devxce.

ving than wet. scrubbing, a number of questions concernmg

‘the mmmercial rehablhty ol the process remain. unan- .
wwered, These questions rela;e to reheat requirements and -
plugying, scaling and corrosion problems resulting. from the

‘e of water,: Approx:mnlely 1,600 MW of new. “ecoal-fired
Grperating ‘gapacity under conﬁ(rucuan has’ commilled to
spray drying for SO, control. There is no douht that spray
dner technology offers the. potenua! of | ducn

Un scrubbm;: processes carry spray-drying phl!osophy o
.“"f step further by ehmmalmg water usage enure]). Ina .
iy u:mhhmg process,.a dry. alkaline powder is_injected, - ..
Higure1, directly into the flue gas stream. The alkaline
ericlen react with SO, while eu:pendod in the gas stream. . -
biry wyage: product. from this reaction is subsequently col-
nculme callection device lh'u,hnuw'. precipi-..

_-"\1& ln &

aphore. Addmmml rcnclmu helwron alknhne pnrl icles ca

- tured in the particulate coniyal e;;unpmcut nnd
- asthe Mue p:m pmv.c thruuhh he.p
'_.'___menl. R :

" sorbent salutions uscd in wet scruhhmg or spray d, g
e _dry-scruhlmm processes oflers four clepr ad\.antnges =

1. The ahﬁcnce of; “ﬂter result.s in/the

SR elimination of cormmon._emsmn, plu;;;;
- - freezing problems.

2. Dry-scrubbing processes controi SO, and particy

“in & single picce of equipment.. The capital: CO818 ¢

.. process are projected to be 130 .o 50%. lower:than: wat’
“scrubber or spray dryer systems. Operating costs.are pro-
Jecled to-be approximately equivalent to spray dryers.

3. Utilities are familiar with.dry material. handlmg 5Y8:

tems (for coal and flyash); therefore, & dry-scrubbi
" cess will not pose the problcm nf adopt:ng
‘technology.’ :

‘4. Wet scrubbers requlre ﬂue gas reheatmg and result in

- h:gh pressure drops across the system. The dry-scrub
. process. eliminates both the reheating requ:rements and
~high-pressure drop condnt:ons. ‘thus resuhmg indtob

| Z___'D_nsposal techmques

: - “Three areas Uf' concern presenﬂy exxst for dry scrubbing
. processes: the commercial avmlab:lxty -of scrubbing agen
B

the fack of commerc:al nperatmg da d .t._ht?.
waste disposal.
Dr‘y‘-scrubbmv agents that ha\e been ter.ted in the pa

. are trona, soda ash, commercial sodjum b:carbonate, lim
- limestone and nahcol:te (sodmm ‘bicarbonate in. miner
" form), Based on past drytscrubbmg tests (1-3), ‘the:best
 scrubbing agents are compercial sodium bicarbonate, t

and nahcol:tc Economxc ‘constraints dictate that’ ccmh

o tractive mvestmem return At present, nahcoh:e appears
‘be the most promising scrubbing ‘agent for . dr}r scruhbing,
Nahcolite ‘is not:mined ‘commercially today, hut’ u.Multl
. Mineral Corp is pre-;enl.!y working to develop 8 commerci
_~.-operation to produce one m:lhon t,on/)r (907,000 m ton/y

- of nahcolite by early 1986."

The operating experience wlth the dr5 scmbbmg process

; -_'-'_has been extended to demonstration tests at the 22-Mf
““scale using nahcolite as the serubbing agent. These tests are

Wineral Corp. at.the Cameo coal-fired .generating ‘itat,mn

-+~ The Cameo test results {5) have been very encouraging, 8
.- have dcmonstratcd the consistent attainmeny of 80, rema
“als ofover 10

at nahcohte sm:chlometnc ratio.of less.th

‘e Oc‘oan dummng

i @ Deep well disposal.

- Insolubilization by 3 nqueous_coprec:plwuon
P lnmluluhmuun by z‘-mtermg




sl or 3andﬁil ln_ciny cells IR

F‘m:&ors mﬂucncmg sc!cct:ou 5
The selechan of an ‘:0, qcruhhmg syst.cm depvnds on

“are shown in Table 1.

in the coal ‘1t appears thai the 30-year fevelized cost of a tiry

of the coal,.

(1979) new source performance standard is based on the
sulfur:level in the coal. Figure 3 shows the S0, removal

heating value 0£10,000 Btu/lh (23,300 kJ/kg). -

cess at higher suifur contents in the'coal partly: arises from
the increased naheolite requirements to achieve greater SO,

cess is most promising for lower sulfur coals.

: 'SO, control.
e Wet scrubbcrs.

lems by keeping the flue gas in the dry state. "
s Water. R’equ:rement: ‘Wet. scrubbers and spray dryers
consume waler at & tate of spproximately 1 gpm/MWY (3, 8

tively. “The |

is a scarce commodity (western (.8, -
western part of the country for the following reasons:::

Colorado. As 8 resul
west will be less

ing more popular in the western U.S., because the resistivity

equnpmenl
semi- -arid climate,

dry-scrubhing
CEP June 1082

ective mesns or e

“technical, economic and_ reguknwry !actom some nf whlch D

- Sulfur Content of the Com' Su!fur mntent of the mal L
" determines the injection rate of the. scrubbing ngent, which o
“influences the design size of the partsculale callection equip-
“ment, the material handimg and mjes:uon syslem, and the .
+.waste disposal (acility. All these factors impact the econom- ©
ics of the process. Figure 2 shows the economic Sensitivity .
(7) of the dry (nahcolite) serubbing process tosulfur content -

% 502 Removal LT

PrOCess | increases mpldly mth the mcrease m su[f ur comﬁnt_

The. 50, removai requ:remems -t def’ ned by the rewsed'

requirements as a functian of ¢ sulfur.in the: coal w:th a0

. Figure 4 shows.the .80, removal eﬁ"c:cncv {?) of the_.
dryuscruhbmg process. as a function of nahcolite stoichio-
metric ratio. The increased costs of the dry- scrubbmg pro-".

xamoval eﬂ'menues. ‘Consequently, the dry- sc_;ubb' g pro-_ L

" Type of Particulate Confrol Equipment. The electruw. L
static precipitator, baghouse or wet scrubber are the three -
most ‘common . pamculate control equapment used in &
coal-fired plant, Since the. purpose of ;the dry-serubbing =
process is to keep the flue gas dry, using a wet scrubber for .-
" particulate control is undesirable, The major dmad\anwge R
" ‘with the electrostatic prempuatnr is that it does not provide .
the additional contact ‘time -belween 80, and the dry ..
- sorbent during the collection.of the sorhent. If a baghouseis "
~the preferred method of particulate contral, the dry-scrub- S ':'5% of 2 plant’s -energy.. in: “‘heat'“g the. flue gas

- bi ocess shouy) dﬂﬂmtel be € ns:d red as & means of .
J§ proce d ; YR e T _..-scrubbmg ‘process robs very little of the plant’s energy

ough effectlve m remmmg SO. and/or_.'j: = ._resultmg m subst.antmi 53‘““35_

paruculntea. often create. secondary. problems- related o _' :
_"_.ms:ble emissions and violation. of opacity regulations. The L
- dry injection.process with & baghausa abv;ates these prob- e

.-‘scrubbmg with nahcohte removes approx mately 10.to 40‘“

3contml inone equ)ment

L/min « MW) and % gpm/MW (1.9.L/min « MW), respec- ©
dry injection process does not use any waterand - 10l
iS. therefnre. & top candidate for plantsi in areas uhere vuater

Location: of the: Plant, The ﬁpphcatmn of the df}" b
scrubbing process for S0, contro] may be limited to. the

‘@ The only an\n deposnt of nahcolite; which is the mosr,'-.:f:_'..-_
promising ~dry-s crubbmg azent, s, found in . \‘s’estern_' :
trnnspormlmn costs to users. m thec

e A dry—scrubbmg s)stcm ehmmstes water u-:age. since
waler is a precious commodity in the west, it is logical 1o
consxder application of this technolagy for the western US.
@ The use.of haghumes for particulate contral is becom- - -

' 80, REMOVAL, PEACENT

of the low-sulfur coal ash is too high for effective collection. 7+ -
» precipitators. A dry-scrubbing process with a hahhnuce S |
Alers combined SO, and p&rllculme cuntro! in one plecc of :_' R

@ Waste dnr-posnl pmb!cms are less acute due w the o

SO, eruml* Pa“-i sludm (8) hue Rhou.n Lhnt the ;
ess will remove SO, in the same propor-.

LR q__;':___i,ol'_ 15 20 25 "éu‘fss .

NO Removal Pllot-scaie tests (2.5) have Shown that dry

there is a posstb:hty ofmmu]lancnus 80, plus NO remova
with dry scrubbing This would allow S0,/NO,/part

Energy Consumpémn :Wet scrubbers consume ahout 3

overcaming the pressure: drop across the system. The d

100,

.86

g0




cruhbmg process asa funcl:on of percentage sulfur in caal
ruhbmg process is

Ope ating Experience, The' dry~s;rubbin'g process has a
s operating data is based
> date. the pro_cess_; has

. he spray
togy: haslittle cammes'c;al

hult Mmeral Corp is_presently. pursuing commercial
uece interest, An initial
n ton per year (909,000

d 'This production level |

P admg prncmq uhwh rcml;s ina nnhmi::e pun \
imotely 807, has heen u‘ﬁlcd ona p:lnt seale. W

Fired Utﬂny H.mlei by Dy Imec!mn of .Nah.co ite,”

EPRI Conf on Fnbm F;Itcr ’I‘rrh fhuly, 108}

Benth. Scnle ‘hudy of the Dy’ Hemma. af S0, 1
Tmna. EPRI Hepart No. 3




certam}y De very low You should be able to purchase the llght s0da ash
_from Kerr-r'icsee T e

-iKerr-P'chee generates hgnt ash (ﬁ%% Nazcos) in 1ts bicarbonate caicin-
~ers at Searls Lake (Trona, CA). Light ash is a process intermediate, rather
= than an item of commerce. | understand, however, that it may be obtain-
’i-'*-‘able fpr about a 20? price premlum over your current soda ash cost 1

: 'Sufﬂcient flue gas vetoc:tyaas-»is needed to prevent the ftne soda ash
+ 4added to the flue from settiing out in the flue before. it reaches the bag-
house. - The longer the soda ash has to. contact the‘f I_ue_ gas 5 the greate

'fshould bs the eff 1c1ency of 502 capture e

e At Carteret we fed f lne nme to the f lue through a square f tange lnstalled
“oeh o onthetop of the round flue. . Upon the flange was mounted. a hopper,-f‘
0 equipped with vibrator, This approach may also be appropriate for inject-
S :__;‘-_fing soda a.ah A slide. gate controlled flow of the fine sollds. Into tha f]ue

_r{iost of the ~,>O;g f ixatlon IS likeiy to occur while the gas 1 Iows through thf_
‘50da ash mixed-with the f Jue dust on the bags. The SO2 collection rats
_improves somewhat with temperature, lndicatlng that the soda ash mlgh
best be added to the diluted gas just before the, canvective cooler (= 64
°F). At this temperature no fusion proplem s ant:mpated Mechamca
“constraints in your plant may necessitate that the soda ash be disperse
_ ln tne f }ue af ter tne copler immediately upstream rrom tne baghouse

- Soda_as

‘_‘Calculations (attached) 1nd1cate that ypu could begm at a Na;g(:()gil injec
uition rate of M}O Ib- NapCO3/hr. + Please. check the various tonnages.tha
“ o owentinto the calculations to.be sure that they in fact represent. you
;'.__.-:;_.;:.j-current soda-ash (640 1b/hr), maximum-S02 (6.6 '1b/hr),-and. dust (41
- 1b/hr) tonnage. | assumed that 2% of the sulfur fed to. the furnace re

S eesported to the flue as S02,-and that there was: ~IO?’ extra capacity m the

;bags to accept tne Na2603 Nazsos-Na2504 sollds




Envisage Environmental Incorporated ™"
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Envisage Environmental incorporated Fne 6555000 O

March 27, 1991

Mr. Douglas K. Mickey
President

Master Metals Incorporated
2850 West Third Street
Cleveland, Ohio 44113

Dear Mr. Mickey:

The following report is the result of the particulate,
sulfur dioxide, and lead emission evaluation conducted on
March 12, 1991 at the above location. Three (3) test runs
were conducted on this date at the exhaust stacks of the
two (2) baghouses serving the lead smelter. The systems
are designated Furnace Baghouse and Fugitive Baghouse.

The results are true and accurate to the degree specified
in the pertinent sections of the Code of Federal
Regqulations, in force at the time of testing.

I am looking forward to answering any guestions you may
have and assisting you in the future.

Respectfully submitted,

“Tom € Ko

Tom E. Holder
Environmental Engineer
ENVISAGE ENVIRONMENTAL INC.
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INTRODUCTION

On March 12, 1991, Envisage Environmental Inc. conducted an
enission evaluation at Master Metals Incorporated, 2850
West Third Street, Cleveland, Chio. Testing was conducted
at the exhaust stacks of the two (2) baghouses used for air
pollution contrel of the lead smelting operation. Test
parameters included particulate, sulfur dioxide, and lead
conducted at each location.

The purpose of these tests was to determine compliance with
applicable State and Federal Regulations concerning air
pollution emissions. The furnace and the baghouses were
monitored by Master Metals Inc. and EPA personnel. Test
parameters were in accordance with USEPA Reference Methods
1-6 and 12.

The Envisage testing team consisted of Messrs. Bob Hovan,
Joe Dossa, Mark Gierke, and Steve Norris. The Ohio EPA was
represented by Mr. Douglas Seaman, Division of Air
Pollution Control, Cleveland, Ohio. Mr. Rudy Zupan, Master
Metals Inc., coordinated the testing.

Results are presented in this report for particulate,
sulfur dioxide, and lead emissions with the wvarious
velocity, volumetric and temperature measurements
associated with these tests for each baghouse.

Envisage
Environmental
Incorporated

_ P.O. Box 152 Richfield, Ohlo 44286
Phane {£216) 526-0990
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DESCRIPTION OF PROGRAM

The evaluation consisted of three (3} test runs, each one
(1) hour in length. At each location, six (6) sample
points were used in each of the two (2) ports. Sample time
per point was five (5) minutes for a total sample time per
run of sixty (60) minutes. Diagrams of the sample point
locations are included in this report.

The samples were withdrawn from the gas streams
isokinetically through three (3) foot Pyrex lined probes.
The entire lengths of the probes were heated and attached
to a Method 5 sample train modified for the collection of
sulfur dioxide and lead. The hot boxes were set to
maintain a temperature of 248 degree F. and the heated
areas were monitored to ensure condensation did not form
prior to the impingers. Exit gas temperature of the
impingers was maintained below 68 degrees F. with an ice
bath. The nozzle, probe and connecting glassware were
cleaned before testing and at the conclusion of each test
run with acetone. Leak checks of the pitot tube lines and
the sample trains were all acceptable by EPA requlations.
Cyclonic flow was less than ten (10) degrees at each
location.

The method 5 impinger train was modified by replacing the
distilled water with the following: # 1 - 100 ml 80%
Isopropanol, # 2 - 200 ml 3% Hydrogen Peroxide, # 3 - 100
ml 0.1 Nitric Acid, # 4 - empty, # 5 - 200 grams silica
gel. Analysis for sulfur dioxide was by the barium=-thorin
titration method. The filters and impinger solutions were
analyzed for lead by atomic absorption spectrometry.

Flue gas analysis was conducted by drawing an integrated

air bag sample throughout each test run and analyzed with
a Hays Republic Model 621A "Orsat® Portable Gas Analyzer.
The average of at least three readings for each run were

used in calculating the emission rates.

Envisage
Environmental
Incorporated

P.O. Box 152 Richfleld, Ohic 44286
Phone (216) 526-0980




Description of Program - continued

Calibration of the equipment used, including the dry gas
meters, orifice meters, and the "S¥ type pitot tubes were
conducted within 60 days of the test date. Copies of the
data are included in this report.

All analytical procedures were performed in accordance with
the methods specified in the Code of Federal Regulations,
Title 40 Part 60, Volume 43. Blanks were collected and
analyzed on the distilled water and acetone used in the
evaluation. The residue from the distilled water was less
than could be measured on a 0.1 milligram analytical
balance and was considered zero. The acetone blank was
recorded and incorporated into the results.

The example equations included in this report represents
the data collected during Run # 1 conducted at the Fugitive
Baghouse exhaust.

Envisage

Phone {216) 526-0990

P

Environmental
incorporated

P.O. Box 152 Fichfield, Ohlc 44288




TEST RESULTS
SUMMARY

ncorporated
3 52 Richfleld, Ohio 44286

Box 1 8
P! (216) 526-0990




TEST RESULTS SUMMARY

Master Metals Inc
2850 West 3rd Street
Cleveland, Ohio

Furnace Baghouse - Particulate,

Lead, & Sulfur Dioxide Emission Evaluation

Conducted - March 12, 1991

PARAMETER RUN # 1
Particulate Emissions
Pounds/hour 0.25
Grains/dscf 0.0021
Lead Emissions - Pounds/hoqr 0.009

Sulfur Dioxide Emissions

Pounds /hour 0.06
Pounds /dscf 6.88E-08
ppmV 0.4

System Flow Rates

Feet/second 80.61
ACFM 15,835
DSCFM 14,082

Moisture Content

Volume percent 2.73

Sample Location Temperature
Degrees Fahrenheit 112

* Below Detectable Limit

RUN # 2

0.41

0.0033

0.004

* BDL
* BDL
* BDL

80.71
15,854
14,474

1.66

104

&

RUN # 3

0.24
0.0019

0.002

* BDL
* BDL
* BDL

79.27
15,572
14,649

1.24

89

Envisage
Environmental
Innicorporated

P.O. Box 152 Richfield, Ohia 44286
Phone (216) 526-0950




TEST RESULTS SUMMARY

Master Metals Inc
2850 West 3rd Street
Cleveland, Ohio

Fugitive Baghouse - Particulate,

Lead, & Sulfur Dioxide Emission Evaluation

Conducted - March 12, 1991

PARAMETER RUN # 1
Particulate Emissions
Pounds/hour 0.82
Grains/dscf 0.0024
Lead Emissions - Pounds/hour 0.015

Sulfur Dioxide Emissions

Pounds/hour 0.09
Pounds/dscf 3.71E-08
ppmv 0.2

System Flow Rates

Feet/second 91.81
ACFM 38,937
DSCFM 39,989

Moisture Content
Volume percent 1.31
Sample Location Temperatufe
Degrees Fahrenheit 54
* Below Detectable Limit

RUN # 2

0.78
6.0023

0.013

* BDL
* BDL
* BDL

91.85
38,953
39,887

1.07

57

e

RUN # 3

0.50
0.0015

0.014

* BOL
* BDL
* BDL

92.04
39,034
40,053

1.04

56

Envisage
Environmental
Incorporated

‘P.O. Box 152 Richfield, Ohio 44286
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TEST RESULTS

Master Metals Inc

Furnace Baghouse - Particulate,

Lead, & Sulfur Dioxide Emission Evaluation

DATE: March 12, 1991 Symbol

Time of Day

1 Gas Volume-dry,std. Vmstd
2 Condensate Vapor Vol. Vwstd
3 Gas Stream Moisture Bws
4 Mol.Wt-flue gas (dry) Msd
5 Mol.Wt-flue gas (wet) Ms
6 Flue Gas Velocity Vs
7 Flue Gas Volume-Actual ACFM
8 Flue Gas Volume-Std.  DSCFM
9 Particulate Conc. C§

- Probe

- Filter

- Lead

- Total
10 Emission Rate E

- Probe

- Filter

- Lead
11 - Total

Isokinetic Rate I

* Totals DO NOT Include Lead

Units

cu. ft.
cu, ft.
vol.dec
1b/1b mo.
1b/1b mo.
fi/sec
cu. ft.
cu. ft.

gr/dscf
gr/dscf
gr/dscf
gr/dscf

ib/hr

1b/hr

1b/hr

1b/hr
%

RUN #1 RUN#2 RUN#3

0934 1121 1253
1046 1226 1357
47.65 48.11 49.21
1.34 0.81 0.62

0.0273 0.0166 0.0124
28.84 28.84 28.84
28.54 28.66 28.70
80.61 80.71 79.27

15,835 15,854 15,572

14,082 14,474 14,649

0.0019 0.0031 0.0018
0.0002 0.0002 0.0001
7.4E-05 3.4E-05 1.7E-05
0.0021 0.0033 0.0019

0.23 0.39 0.22
0.02 0.02 0.02
0.009 0.004 0.002
0.25 0.41 0.24
96.3 94.6 95.6

Envisage
Environmental
Incorporated

PO Box 152  Aichfield, Ohio 44288
Phone (216) 526-0890
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TEST RESULTS

]..-oL
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Master Metals Inc

Fugitive Baghouse - Particulate,

Lead, & Sulfur Dioxide Emission Evaluation

DATE: March 12, 1991 Symbol

Time of Day

1 Gas Volume-dry,std. Vmstd
2 Condensate Vapor Vol. Vwstd
3 Gas Stream Moisture Bws
4 Mol.Wt-flue gas (dry) Msd
5 Mol.Wt-flue gas (wet) Ms
6 Flue Gas Velocity Vs
7 Flue Gas Volume-Actual ACFM
8 Flue Gas Volume-Std. DSCFM
9 Particulate Conc. Csk

- Probe

- Filter

~ Lead

- Total
10 Emission Rate E

- Probe

- Filter

- Lead
11 - Total

Isokinetic Rate I

* Totals DO NOT Include Lead

Units

cu. ft.
cu. ft.
vol.dec
1b/1b mo.
1b/1b mo.
ft/sec
cu. ft.
cu. ft.

gr/dscf
gr/dscf
gr/dscf
gr/dscf

1b/hr

1b/hr

1b/hr

1b/hr
%

RUN #1 RUN#2 RUN#3

0940 1120 1252
1045 1224 1356
59.71 58.51 59.51
6.79 0.64 0.63

0.0131 0.0107 0.0104
28.84 28.84 28.84
28.69 28.72 28.72
91.81 91.85 92.04

38,937 38,953 39,034

39,989 39,887 40,053

0.0021 0.0022 0.0013
0.0003 0.0001 0.0001
4.4E-05 3.9E-05 4.1E-05
0.0024 0.0023 0.0015

0.74 0.74 0.45
0.0% 0.04 0.04
0.015 0.013 0.014
0.82 0.78 0.50
61.7 90.1 91.3

Envisage
Environmental
Incorporated

- PC. Box 152 _ichtield, ONio 44288
Phone (2186) 526-0980




S02 LABORATORY SUMMARY

Master Metals Inc

Furnace Baghouse - Particulate,

Lead, & Sulfur Dioxide Emission Evaluation

DATE: March 12, 1991 Symbol

20 Normaiity of Ba(Cl04)2 N

21 Volume of solution ¥sin

22 Volume aliquot titrant Va

23 Volume Ba(C104)2 Blank Vib

24 Volume Ba(C104)2 Sampl Vi

Units RUN # 1 RUN#2 RUN#3
meq/ml 0.0097 0.0097 0.0097
ml 240.0 240.0 230.0
ml 20.00 20.00 20.00
ml 0.0 0.0 0.0
ml 0.40 0.00 0.00

502 TEST RESULTS

Master Metals Inc

Furnace Baghouse - Particulate,

Lead, & Sulfur Dioxide Emission Evaluation

DATE: March 12, 1991

12 Concentration SO2 Cso?2
13 Concentration S02 PPM
14 Emission Rate S02 Eso2

* Below Detectable Limit

Units RUN #1 RUN#2 RUN #3
1b/dscf  6.88E-08  * BDL  * BDL
ppmV 0.4  *BDL  * BOL
1b/hr 0.06  *BDL  * BDL

Envisage
: Environmentai
: Incorporated

- P.0. Box 152  Richfield, Chio 44286
Phone (216} 526-0990




S02 LABORATORY SUMMARY
Master Metals Inc
Fugitive Baghouse - Particulate,

Lead, & Sulfur Dioxide Emission Evaluation

March 12, 1991 Symbol Units RUN #1 RUN # 2
20 Normality of Ba(C104)2 N meq/ml 0.0097 0.0097
21 Volume of solution Vsin mi 240.0 230.0
22 Volume aliquot titrant Va m} 20.00 20.00
23 Volume Ba(C104)2 Blank Vtb ml 0.0 0.0
24 Volume Ba(C104)2 Sampl Vt ml 0.27 0.00

$02 TEST RESULTS

Master Metals Inc
Fugitive Baghouse - Particulate,

Lead, & Sulfur Dioxide Emission Evaluation

March 12, 1991 Units ~ RUN #1 RUN # 2
12 Concentration 302 Cso02 1b/dscf  3.71E-08 * BDL
13 Concentration S02 PPM ppmV 0.2 * BDL
14 Emission Rate S02 Eso2 1b/hr 0.09 * BDL

* Below Detectable Limit

RUN # 3
0.0097
225.C
20.00
0.0
0.00

RUN # 3
* BOL
* BDL
* BDL

Envisage
Environmental
incorporated

PO, Box 152 Richfieid, Ohio 44285
Phone (216) 5260990




SAMPLE POINT
LOCATION DIAGRAM
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SAMPLE POINT LOCATIONS 16

‘Master Metals
Furnace Baghouse Exhaust

Inside Diameter =
24.5 inches

Point Number Distance from Inside Wall
1 23.4 inches
2 20.2 inches
3 17.2 inches
4 7.3 inches
5 3.6 inches
6 1.1 inches

Envisage
Envireonmental
| Incorporated

P.Q. Box 152 Richfield, Qhio 44206
Phone (216} 526-0880

PETURR.




Point Number

SAMPLE  POINT LOCATIONS

Master Metals
Fugative Baghouse Exhaust

Inside Diameter
36 inches

Distance from Inside Wall

inches
inches
inches
inches
inches
inches

Envisage
Environmental
Incorporated

- P.O. Box 152  Richfield, Ohlo 44288
Phone {216) 526-0930

-y
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SAMPLING TRAIN DIAGRAM

Envisage
Environmental
Incorporated

- P.0.Box 152 Richfield, Chic 44286
Phene (216) 526-0590




TEMPERATURE SENSOR

e —

THERMOMETER THERMOMETER
PITOT TUBE HEATED AREA CHECK
,STACK _FILTER HOLDER 7 VALVE
TEMPERATURE I WALL A '
SENSOR . —
plriy———————————
PROBE %—ﬂ _SILICA GEL
REVERSE-TYPE
PITOT TUBE P
VACUUM LINE
PITOT MANOMETER THERMOMETERS
BY-PASS VALVE
ORIFICE
Jr——
MAIN
VALVE

DRY GAS METER  AIR-TIGHT
PUMP

EPA METHOD 5 PARTICULATE SAMPLE APPARATUS
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LABORATORY SECTION
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LABORATORY SUMMARY SHEET
Master Metals Inc
Furnace Baghouse - Particulate,

Lead, & Sulfur Dioxide Emission Evaluation

DATE: March 12, 1991 Symbol Units RUN #1 RUN #2 RUN # 3
1 Sampling Time t minutes 60.0 60.0 60.0
2 Barometric Pressure Pb in. Hg 30.18 30.18 30.18
3 Static Pressure Pg in. H20 -7.20 -7.20 ~-7.20

Stack Pressure Ps in. Hg 29.65 29,65 29.65

4 Gas Meter Volume Vm cu. ft. 50.30 52.53 53.44
5 Stack Area A sq. ft. 3.27 3.27 3.27
6 Nozzle Diameter Dn dec. in, 0.1875 0.1875 0.1875
7 Meter Temperature degrees F 105.0 124.5 121.4
m degrees R 565.0 584.5% 581.4

8 Stack Temperature ' degrees F 112.3 103.6 89.3
Ts degrees R 572.3 563.6 549.3

9 Velocity Head AP in. H20 1.365 1.380 1.374
10 Orifice Pressure *H in. H20 2.11 2.08 2.15
11 Carbon dioxide €02 % 0.0 0.0 0.0
12 Oxygen 02 % 20.9 20.9 20.9
13 Carbon monoxide co % 0.0 0.0 0.0
14 Nitrogen N2 % 79.1 79.1 79.1
15 Pitot Coefficient Cp 0.84 0.84 0.84
16 Water Collected Vic ml 28.4 17.3 13.1

Sample Weight: Mn

17 - Probe g 0.0059 0.0098 0.0057
18 - Filter g 0.0006 0.0005 0.0004
19 - Lead mg 0.22974 0.10752 0.05289

Envisage
Environmental
Incorporated

EO. Box 152  Richfield, Ohio 44286
Pnhone (216) 526-0890




DATE:

W

-~ o >

10
11
12
13
14
15
16

17
18
19

LABORATORY SUMMARY SHEET

Fugitive Baghouse - Particulate,

Master Metals Inc

Lead, & Sulfur Dioxide Emission Evaluation

March 12, 1991

Sampling Time

Barometric Pressure

Static Pressure
Stack Pressure
Gas Meter Volume
Stack Area
Nozzle Diameter

Meter Temperature

Stack Temperature

Velocity Head
Orifice Pressure
Carbon dioxide
Oxygen
Carbon monoxide
Nitrogen
Pitot Coefficient
Water Collected
Sample Weight:

- Probe

- Filter

- Lead

Symbo
t
Pb
Pg
Ps
Vm
A
Dn

Tm

Ts
AP
AH
coz2
02
Co
N2

Vic
Mn

1 Units R
minutes

Hg

H20

Hg

ft.

ft.

in.

in.

in.

cu.

sq.
dec. in.
degrees F
degrees R
degrees F
degrees R
in. H20
in. H20

%

%

%

%

ml

mg 0

UN # 1
60.0
30.18
1.90
30.32
59.95
7.07
0.1875
78.8
538.8
54.2
514.2
1.663
3.10
0.0
20.9
0.0
79.1
0.84
16.8

0.0083
0.0010
.17072

RUN # 2
60.0
30.18
1.0
30.32
59.45
7.07
0.1875
85.3
545.3
56.9
516.9
1.660
3.13
0.0
20.9
0.0
79.1
0.84
13.5

0.0082
0.0004
0.14720

¢y
&

RUN # 3
60.0
30.18
1.90
30.32
59.95
7.07
0.1875
80.7
540.7
56.0
516.0
1.665
3.14
0.0
20.9
0.0
79.1
0.84
13.3

0.0051
0.0005
0.15735

Envisage
Environmental
Iincorporated

P.O. Box 152 Richfield, Ohio 44288
Phone {216) 526-0990




PLANT Master Metals, Furnace Baghouse

DATE March 12, 1991 €
bt €D
RUN NO. 1
CASE NO. 3
CONTAINER
NUMBER WEIGHT OF PARTICULATE COLLECTED
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
352 0.6168 0.6162 0.0006 FILTER
N/A - - - - - - IMPINGERS
202 105.3060 105.3001 0.0059 PROBE *
*
Corrected for Acetone Blank
VOLUME OF LIQUID WATER COLLECTED
IMPINGER SILICA GEL
VOLUME WEIGHT
(m1) (9)
FINAL 418 241.6
INITIAL 400 231.2
NET LIQUID COLLECTED 18 10.4
b ]
TOTAL NET VOLUME 28.4 g mi
*
Convert weight of water to volume by dividing
weight increase by density of water:
Increase g
———————————— = Volume Water, ml
(1 g/ml)
Envisage
Environmental

incorporated

B.0. Box 152 Richfleld, Ohio 44286
Phone (216) 526-0990




PLANT Master Metals, Furnace Baghouse

DATE March 12, 1991
RUN NO. 2
CASE NO. 7

CONTAINER
NUMBER WEIGHT OF PARTICULATE COLLECTED
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
246 0.5765 0.5760 0.0005 FILTER
N/A - - - - - - IMPINGERS
302 106.1179 106.1081 0.0098 PROBE
* Corrected for Acetone Biank
VOLUME OF LIQUID WATER COLLECTED
IMPINGER SILICA GEL
VOLUME WEIGHT
(mi) (9)
FINAL 404 244.5
INITIAL 400 231.2
NET LIQUID COLLECTED 4 13.3
=+ ]
TOTAL NET VOLUME 17.3 g ml
*
Convert weight of water to volume by dividing
weight increase by density of water:
Increase g
------------ = Volume Water, ml
(1 g/ml)
Envisage
: Environmental
. Incorporated

P.O. Box 152 Rlchfield, Ohic 44286
Phone (218) 526-0980




PLANT Master Metals, Furnace Baghouse

2o
DATE March 12, 1991 |
RUN NO. 3
CASE NO. 77
CONTAINER
NUMBER WEIGHT OF PARTICULATE COLLECTED
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
268 0.5900 0.5896 0.0004 FILTER
N/A - - - - - - IMPINGERS
1 162.9029 162.8972 0.0057 PROBE
N
Corrected for Acetone Blank
VOLUME OF LIQUID WATER COLLECTED
IMPINGER SILICA GEL
VOLUME WEIGHT
(m1) (9)
FINAL 405 239.3
INITIAL 400 231.2
NET LIQUID COLLECTED 5 8.1
& |
TOTAL KET VOLUME 13.1 g ml
*
Convert weight of water to volume by dividing
weight increase by density of water:
Increase g
———————————— = Volume Water, ml
(1 g/ml)
, Envisage
~ Environmental

Incorporated

P.O. Box 152  Richfleld, Ohlo 44286
Phone (216} 526-0$80




PLANT Master Metals, Fugitive Baghouse

DATE March 12, 1991 :3(}
RUN RNO. 1
CASE NO. 8
CONTAINER
NUMBER WEIGHT OF PARTICULATE COLLECTED
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
270 0.5905 0.5895 0.0010 FILTER
N/A - - - - - - IMPINGERS
301 108.9172 108.9089 0.0083 PROBE *
*
Corrected for Acetone Blank
VOLUME OF LIQUID WATER COLLECTED
IMPINGER SILICA GEL
VOLUME WEIGHT
(m1) (9)
FINAL 402.6 246.3
INITIAL 400 232.1
NET LIQUID COLLECTED 2.6 14.2
TOTAL NET VOLUME 16.8 g ml
%
Convert weight of water to volume by dividing
weight increase by density of water:
Increase g
———————————— = Volume Water, ml
(1 g/ml)
. Envisage
, Environmental
i Incorporated

- PO. Sox 152 _Riohfisk, Chio 46285
Phone (218) 526-0990




PLANT Master Metals, Fugitive Baghouse

o~
DATE March 12, 1991 2 ¢
RUN NO. 2
CASE NO. 14

CONTAINER
NUMBER WEIGHT OF PARTICULATE COLLECTED
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
245 0.5794 0.5790 0.0004 FILTER
N/A - - - - - - IMPINGERS
168 108.0401 108.0319 0.0082 PROBE *
* Corrected for Acetone Blank
VOLUME OF LIQUID WATER COLLECTED
IMPINGER SILICA GEL
VOLUME WEIGHT
(m1) (9)
FINAL 400 245.6
INITIAL 400 232.1
NET LIQUID COLLECTED 0 13.5
TOTAL NET VOLUME 13.5 g ml
*
Convert weight of water to volume by dividing
weight increase by density of water:
Increase g
———————————— = Volume Water, ml
(I g/ml)
Envisage
Environmental

incorporated

PO, Box 152  Richfield, Ohio 44286
Phone (218} 526-0990
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PLANT Master Metals, Fugitive Baghouse
€
DATE March 12, 1991 43
RUN NO. 3
CASE NO. 20
CONTAINER
NUMBER WEIGHT OF PARTICULATE COLLECTED
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
247 0.5805 0.5800 0.0005 FILTER
N/A - - - - - - IMPINGERS
503 106.6528 106.6477 0.0051 PROBE
*®
Corrected for Acetone Blank
VOLUME OF LIQUID WATER COLLECTED
IMPINGER SILICA GEL
VOLUME WEIGHT
(ml) (9)
FINAL 400 245.4
INITIAL 400 232.1
NET LIQUID COLLECTED 0 13.3
o ]
TOTAL NET VOLUME 13.3 g ml
* Convert weight of water to volume by dividing
weight increase by density of water:
Increase g
------------ = Volume Water, ml
(1 g/ml)
. Envisage
. Environmental
. Incorporated
P.O. Box 152 Richfieid, Ohio 44286
Phane (216) 526-0990
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ORSAT ANALYSIS DATA

Company

Master Metals Incorporated

e e e o - e T e e S o o o e S o i 1 e o A e

Location  Furnace Baghouse Exhaust

Date _March 12, 1991
RUN # 1 RUN # 2 RUN # 3
ORSAT DATA
Sample 1
C02 Reading 0.0 0.0 6.0
02 Reading 20.9 20.9 20.9
CO Reading 20.9 20.9 20.9
Sample 2 | 0 Ty TG T
€02 Reading 0.0 0.0 0.0
02 Reading 20.9 20.9 20.9
CO Reading 20.9 20.9 20.9
Sample 3~} 7| T 7T
€02 Reading 0.0 0.0 0.0
02 Reading 20.9 20.9 20.9
CO Reading 20.9 20.9 20.9
AVERAGES
% coz 0.0 0.0 0.0
% 02 20.9 20.9 20.9
% Co 0 0 0
% N2 79.1 79.1 79.1

Envisage
Environmental
incorporated

- P.0. Box 152 Richtield, Ohio 44286
Phone (216} 526-0930




ORSAT ANALYSIS DATA

Company Master Metals Incorporated

Location Fugitive Baghouse Exhaust

Date _March 12, 1991
RUN # 1 RUN #2 - RUN # 3
ORSAT DATA
Sample 1
C02 Reading 0.0 0.0 0.0
02 Reading 20.9 20.9 20.9
CO0 Reading 20.9 20.9 20.9
L e
C02 Reading 0.0 0.0 0.0
02 Reading 20.9 20.9 20.9
CO Reading | 20.9 20.9 20.9
Sample 3 | T\ TG, T
€02 Reading 0.0 0.0 0.0
02 Reading 20.9 20.9 20.9
CO Reading 20.9 20.9 20.9
AVERAGES
% coz 0.0 0.0 0.0
% 02 20.9 20.9 20.9
% €o 0 0 0
% N2 79.1 79.1 79.1

Envisage
Environmental
Incorporated

- P.O. Box 152 Richtield, Ohio 44286
Phone {216} 526-09%0




KUDUKIS WASTEWATER LABS, INC.

2779 BROADWAY AVENUE, CLEVELAND, OHIO 44115

(216) 696 - 0280

FAX: (216) 696 - 6831

31

ANALYSIS CERTIFIED BY: John Ondo ﬁé@ Laboratory Manager
V7
r Al A
Client EEP JO‘ Isgg?( %IRO Report Date: March 18, 1991
iy PO. #
RICHFIELD, OHIO 44286 Client:
. Sample Received: __3/14/91
ATTN: AUDREY Lab Sample #: 1-0762-0764
L |
Sample I.D.; #1 - EEI - Filter 246
#2 — EEI - Filter 268
#3 - EEI - Filter 270
ANALYSIS #1 #2 #3 #4 | ANALYSIS #1 #2 #3 #4
Total |Total [Total | __ | Acidity (CaCOy)
Metals: /Filtel mg/Filte i Alkalinity (CaC0,)
Cadmium Bacterla:
Chromium: Total F. Coliform/100ml
Hexavalent T. Coliform/100m
Trivalent Total Plate Count/1mi
Copper : Chioride
Lead 0.06 | 8.03 | 0.14 Chioring; T. Res.
Nickel Conductivity - uUMHOS/cm
Sitver Cyanide: Total
Zing Amenable
Free
Aluminum Reactive
Antimony Fiash Point °F
Arsenic Fluoride
Barium Hardness {CaC0,)
Beryllium MBAS
Calcium Nitrogen: Nitrate (N)
fron Nitiite (N)
Magnesium Ammonia (N}
Manganese T Kjeldahi {N)
Mercury Oil & Grease
Potassium Oxygen Demand: BOD,
Selenium CoD
Silicon pH
Sodium Phenols
Thallium Phosphorus: Total (P}
Tin Reslduve: Total
Total Volatile
Suspended
Volatile Suspended
Sulfate
Sulfide: Total
Reactiva
|

ug/L = micrograms/Liter(ppb) « mg/l = milligrams/Liter{ppm) ¢ mg/kg = milligramsfkilogram = > = greater than e < = less than (below detection)

_ Sampled By:

Client KWLI

— AR

Auts Sampler

Other




KUDUKIS WASTEWATER LABS, INC.

2779 BROADWAY AVENUE, CLEVELAND, OHIO 44115

(216) 696 - 0280 FAX: (216) 696 - 6831 3 ,:, -
A*8LYSIS CERTIFIED BY: John Ondo [%/} Laboratory Manager
I' 1
Tient FNVISACE ENVIRONMENTAL Repuﬂpgat;:. March 20, 1991
P.0O. BOX 152 éﬁt‘antj
RICHFIELD, CHIO 44286 Sample Received: 3/14/91
ATTN: AUDREY Lab Sample #: __1-0750-0752
L _J
Sample 1.0.: #1 - EET - OR1-1, 3/12/91
#2 ~ EEI - OR1-2, 3/12/91
#3 - EETI - OR1-3, 3/12/91
\NALYSIS # #2 #3 #4 | ANALYSIS #1 #2 #3 #4
[ Total | Total | Total Acidity {CaCO0,)
Metals: mg/L | mg/L | mg/L - Alkalinity (CaCO,)
Cadmium Bacteria: |
Chromium: Total F Coliform/100mi |
Hexavalent 1. Coliform/100ml
Trivalent Total Plate Count/im! |
‘| Copper Chloride B
{ lead 0.58 [ <0.05 | 0.16 Chiorine: T. Res, ’
| Nicke! Conductivity - uMHOS/cm
Silver Cyanlde: Total
Zing Amenable
Free
~ Aluminum Reactive
Antimony Fiash Point °F
1 Arsenic Fluoride
| Barium Hardness (CaC0,)
Beryltium MBAS
. Caicium Nitrogen: Nitrate (N) |
| iron Nitrite (N}
Magnesium Ammonia (N)
Manganese T Kjeldahl (N)
Mercury Oit & Grease
Potassium Oxygen Demand: BOD,
Selenium CoD
Silicon pH
Sodium Phenols
Thallium Phosphorus: Total (P)
Tin Restdue: Total
Total Volatile
Suspended
Volatile Suspended
Suitate
Sulfide: Totai
Reactive . i

i

ug/L = micrograms/Liter(ppb) « mg/L = milligrams/Liter(ppm)  mg/kg = milligrams/kilogram e > = graater than ¢ < = less than (below detection)

Sampled By: Client

— XX

KWLI

Auto Sampler QOther




KUDUKIS WASTEWATER LABS, INC.

2779 BROADWAY AVENUE, CLEVELAND, OHIO 44115

(216) 696 - 0280 FAX. (216) 696 - 6831 3 ]
ANxLYSIS CERTIFIED BY: John Ondo [/ ¢ / Laboratory Manager
I
r 1
Ciient ENVISAGE ENVIRONMENTAL : Report Date‘: March 20, 1991
P.0. BOX 152 %génﬂt!:
RICHFIELD, OHIO 44286 Sample Received- 136%2493]_755
ATTN: AUDREY Lab Sample # ‘
L -
Sample 1.D.: #1 - EEI - OR2-1, 3/12/91
#2 - EEI - OR2-2, 3/12/91
#3 - FEI - OR2-3, 3/12/91
ANALYSIS #l #2 #3 #4 | ANALYSIS #1 #2 #3 #4
i Total | Total | Total | | Acidity (CaCOy)
Metals: mq/L mq/L mq’/L Alkahmty (CaCOa)
- Cadmium Bacterla:
Chromium: Total F. Coliform/100mi
Hexavalent T. Coliform/100m|
Trivalent Total Plate Count/imi
[ Copper Chloride
" [ead 1.24 [<0.05]<0.05 Chloring: T. Res.
Nickel Conductivity - uMHOS/cm
Sitver Cyanide: Total
Zing Amenable
Free
Aluminum Reactive
Antimony Flash Point °F
Arsenic _ Fluoride
Barium Hardness {CaC0,)
Beryllium MBAS
Calcium Nitrogen: Nitrate {N}
Iron Nitrite {N)
Magnesium Ammonia (N)
Manganese T Kjeldahl {N)
Mercury 0il & Grease
Potassium Oxygen Demand: BOD,
Selenium CcaD
Silicon pH
Sodium Phenols
Thallium Phosphorus: Total (P)
Tin Resldue: Total
Total Volatile
Suspended
Volatile Suspended
Sulfate
Sulfide: Total
Reactive

ug/l. = micrograms/Liter(ppb) ¢ mg/l = milligrams/Liter(ppm) = mg/kg = milligrams/kilogram = > = greater than ¢ <« = less than (below detection)

- Sampled By: Client _2x

KWL Auto Sampler ____ Other




KUDUKIS WASTEWATER LABS, INC.

2773 BROADWAY AVENUE, CLEVELAND, OHIO 44115

(216) 696 - 0280 FAX: (216) 696 - 6831

34
L_t'

ANnALYSIS CERTIFIED BY: John Ondo W Laboratory Manager
£
l' 1
Cient ENVISAGE ENVIRONMENTAL Report Dale: __ March 20, 1991
P.O. BOX 152 PO. #:
RICHFIELD, OHIO 44286 Client:
Sample Received: 3/14/91
ATTN: AUDREY Lab Sampie # 1-0756-0758
L -
Sample 1.D.; #1 - EEI - QR3~1, 3/12/91
#2 - EEI - OR3-2, 3/12/91
#3 - EEI - OR3-3, 3/12/91
" ANALYSIS M | #2 | #3 | #4 | ANALYSIS Mo o | 43| w4
Total | Total! Total| ___ | Acidily (CaCO)
| Metas: ma/L | ma/L | ma/L Alkalinity (CaC0,)
© Cadmium Bacteria:
Chromium: Total F. Colitorm/100ml
f Hexavalent T. Coliform/100mi
| Trivalent Total Plate Count/imi
Copper Chioride
tead 0.58 0.05 <0.05 Chlorine: T. Res.
Nickel Conductivity - UMHOS/cm
Sliver Cyanide: Total
Zing Amenable
Free
Aluminum Reactive
Antimony Flash Point °F
Arsenic Fluaride
Barium Hardness (CaCO,)
Beryllium MBAS
Calcium Nitrogen: Nitrate (N)
[ iron Nitrite (N)
" Magnesium Ammonia (N)
Manganese T Kjeldahi (N)
l Mercury il & Grease
| Potassium Oxygen Demand: BOD,
Selenium €oD
Silicon pH
Sodivm Phenols
Thallium Phosphorus: Total (P}
Tin Restdue: Total
Total Volatile
Suspended
Volatile Suspended
Sulfate
Sulfide: Total
Reactive

ug/L = micrograms/Liter(ppb} ¢ mgfl. = milligrams/Liter{ppm) = myg/kg = milligrams/kilogram o ‘> =greater than ¢ < =less than ({below detection)

- Sampled By: Client

XX

KWLI

Auto Sampler Other




(216) 696 - 0280

FAX: (216) 696 - 6831

KUDUKIS WASTEWATER LABS, INC.

2779 BROADWAY AVENUE, CLEVELAND, OHIO 44115

35

ANALYSIS CERTIFIED BY: John Ondo /;k) Laboratory Manager
g
r 1
Client ENVISAGE ENVIRONMENTAL Report Date: March 18, 1991
P.O. BOX 152 %ﬁén#ff
RICHFIELD, OHIO 44286 Sample Received: _3/14/91
ATTN: AUDREY Lab Sample # 1-0765-0767
L -
Sample 1.D.: #1 - EET -~ Filter 245
#2 - EEI - Filter 247
#3 - EEI - Filter 252
ANALYSIS ) #1 #2 #3 #4 | ANALYSIS #H #2 #3 #4
i Total |Total |Total | _ | Acidity (CaCOy)
Metals: Alkalinity {CaC0,)
Cadmium Bacteria:
Chromim: Total F. Colitorm/100m|
Hexavalent T Coliform/100m|
Trivalent Total Plate Count/imi
Copper Chioride
lead mg/Filter 0.11 | 0.12 | 0.19 Chiorine: T. Res.
Nickel Conductivity - uMHOS/cm
Silver Cyanlde: Total
Zinc Amenable
Free
Aluminum Reactive
Antimony Flash Point °F
Arsenic Fluoride
Barium Hardness (CaC0,)
Beryliium MBAS
) Calcium Nitrogen: Nitrate (N)
[ ion Nitrite (N)
) Magnesium Ammonia (N)
Manganese T Kjeldah! {N)
Mercury 0il & Grease
Potassium Oxygen Demand: BOD,
Selenium COD
Silicon pH
Sodium Phenols
Thallium Phosphorus: Total (P)
Tin Residue: Jotal
Total Volatile
Suspended
Volatile Suspended
Sulfate
Suifide: Total
Reactive

ug/L = micrograms/Liter(ppb}  mg/L = milligrams/Liter(ppm) ¢ mg/kg = milligrams/kilogram ¢ > = greater than © < =less than (below detection)

- Sampled By: Client _xx __ KWLI

Auto Sampier

Other




KUDUKIS WASTEWATER LABS, INC.

2779 BROADWAY AVENUE, CLEVELAND, OHIO 44115
(216) 696 - 0280

FAX: (216) 696 - 6831

3u

ANALYSIS CERTIFIED BY: John Ondo //(D Laboratory Manager
l/
F" 1
Client ENVISAGE ENVIRONMENTAL Report Date: __March 20, 1991
P.0. BOX 152 l(’:? #::
ient;
RICHFIELD, OHIO 44286 Sample Received: 3/14/91
ATTN: AUDREY Lab Sample #: 1-0747-0749
L _J
Sample I.D.; #1 - EEI - NR3-1, 3/12/91
#2 - EEI - NR3-2, 3/12/91
#3 - EET - NR3-3, 3/12/91
! ANALYSIS #1 #2 #3 #4 | ANALYSIS # #2 #3 #4
| Total | Total | Total | _ | _Acidity (CaCO,)
| Metals: mg/L | mg/L mqg/L Alkalinity (CaC0,)
[ Cadmium Bacteria:
Chromium: Total F. Cotiform/100ml
[ Hexavalent 1. Colitorm/100ml
i Trivalent Total Plate Countfiml
Copper Chloride
Lead 0.24 <0.05 0.09 Chiorine: T. Res.
Nickel Conductivity - uMHOS/cm
Silver Cyanide: Total
Zinc Amenable
Free
Aluminum Reactive
Antimony Flash Point °F
Arsenic Fluoride
Barium Hardness {CaCO,)
Beryllium MBAS
Calcium Nitrogen: Nitrate (N)
| Iron Nitrite {N)
¢ Magnesium Ammonia (N)
Manganese T Kjeldahl (K}
Mercury 0il & Grease
Potassium Oxygen Demand: BOD,
Selenium CoD :
Silicon pH i
Sodium Phenols
Thaflium Phosphorus: Total (P) i
Tin Residua: Total ;
Total Volatile |
Suspended i
Volatile Suspended |
Sulfate |
Sulfide: Total !
Reactive |

ugfl. = micrograms/Liter(ppb) ¢ mg/L = milligrams/Liter(ppm) ¢ mgfkg = milligrams/kilogram ¢ > = greater than ¢ < = less than (below detection)

- Sampled By: Client __xx

KWL

Auto Sampler Other




L

KUDUKIS WASTEWATER LABS, INC.

2779 BROADWAY AVENUE, CLEVELAND, OHIO 44115

(216) 696 - 0280

FAX: (216) 696 - 6831

: :

Vi :
ANgLYSIS CERTIFIED BY: John Ondo /[j Laboratory Manager
/4
F 1
Client ENVISACE FNVIRONMENTAL Report Date: March 20, 1991
P.O. BOX 152 %ﬁénﬁi
RICHFIELD, OHIO 44286 Sample Recoived. 3714791
ATTN: AUDREY Lab Sample #: __1-0741-0743
| ORI
[ 2 - LI -
ﬂ v/ | " ¢
Sample 1D #1 - E.E.I - NR1-1 3-12-91 Nl MAR2h
2 - E.E.I - NR1-2 3-12-91 By
#3 - E.E.I - NR1-3 3/12/91 bl
? ANALYSIS #1 #2 #3 #4 | ANALYSIS #1 #2 #3 #4
' Total {Total |Total | _ | Acidity (CaCOy)
Melals: mg/L | mg/L | mg/L Alkafinity {CaC0,)
Cadmium Bacteria:
Chromium; Totaf F. Coliform/100m!
Hexavalent T. Coliform/100mé
Trivalent Total Plate Gount/iml
Copper Chloride
Lead 0.13 0.06 0.15 Chiorine: T. Res.
Nickel Conductivity - tMHOS/cm
Silver Cyanide: Tota!
Zinc Amenable
Free
Atuminum Reactive
Antimony Flash Point °F
\ Arsenic Fluoride
| Barium Hardness {CaCQ,)
Beryllium MBAS
Calcium Nitrogen: Nitrate (N)
i Iron Nitrite (N)
! Magnesium Ammonia (N)
Manganese T Kjeidah! (N)
Mercury Oil & Grease
Potassium Oxygen Demand: BOD,
Selenium oD
Sificon pH
Sodium Phenols
Thallium Phosphorus: Total (P}
Tin Residue: Total
Total Volatile
Suspended
Volatile Suspended
Sulfate
Sulfide: Total
Reactive

ugf/L = micrograms/Liter(ppb} ¢ mg/L = milligrams/Liter(ppm) = mg/kg = milligrams/iglogram ¢ > = g?ealer than ¢ < =Igss than (below detection)

- Sampled By: Client

— XX

KWL

Auto Sampler

Other




KUDUKIS WASTEWATER LABS, INC.

2779 BROADWAY AVENUE, CLEVELAND, OHIO 44115

(216) 696 - 0280 FAX: (216) 696 - 6831 3 U
RNRLYSIS CERTIFIED BY: John Ondo fj% Laboratory Manager
r =
"lient ENVISAGE ENVIRONMENTAL Report Date: March 20, 1991
P.0. BOX 152 PO. #:
RICHFIELD, OHIO 44286 Client:
_ Sample Received: 3/14/91
ATIN: AUDREY Lab Sample # _ 1-0744-0746
L _
sample I.D.: #1 - EEI - NR2-1, 3/12/91
#2 - EET - NR2-2, 3/12/91
#3 - EEI - NR2-3, 3/12/91
"NALYSIS #1 #2 #3 #4 | ANALYSIS #1 #2 #3 #4
Total | Totalj Total; Acidity (CaC0,)
Metals: mg/L | mg/L | mg/L Alkalinity (CaC0,)
Cadmium Baclerla:
. Chromium: Total F. Coliform/106mi
Hexavalent T. Coliform/400mi
Trivatent Total Piate Count/iml
] Copper Chloride
Lead 0.13 0.10 0.15 Chlorine: T. Res,
Nickel . Conductivity - uMHOS/cm
Silver Cyanide: Total
Zinc Amenabie .
Free ;
Aluminum Reactive ‘5
Antimony Flash Point °F :
Arsenic Fluoride }
Barium Hardness (CaC0,) '
Beryllium MBAS
Calcium Nltrogen: Nitrate (N}
Iron Nitrite (N)
Magnesiuvm Ammoania (N)
Manganese T Kjeidah! (N)
Mercury Ol & Grease
Potassium Oxygen Demand: BOD,
Selenium CcoD !
Silicon pH i
Sodium Phenols |
Thatlium Phosphorus: Total (P) |
Tin Residue: Total
Total Volatile
Suspended
Volatile Suspended
Sulfate
Sulfide; Total
Reactive

ug/L = micrograms/Liter{ppb) ¢ mg/L = milligrams/Liter(ppm) ¢ mg/kg = milligrams/kilogram ¢ > = greater than e < = less than (below detection}

- -Sampled By: Client e KWLI

Auto Sampler ______ Other




KUDUKIS WASTEWATER LABS, INC.

2779 BROADWAY AVENUE, CLEVELAND, OHIO 44115

(216) 696 - 0280 FAX: (216) 696 - 6831 3 :} -
BNALYSIS CERTIFIED BY: John Ondo 7,// / Laboratory Manager
4
Z.
r 1
Client ENVISAGE ENVIRONMENTAL Report Date: __ March 20, 1991
P.0. BOX 152 IE?- #:
RICHFIELD, CHIO 44286 ient:
’ Sample Received: __ 3/14/91
ATTN: AYDREY Lab Sample # __1-0759-0761
L -
Sample I.D.. #1 - EEI - 80% 1PA Blank, 3/12/91
#2 - EET - 0.1 NHNO, Blank, 3/12/91
#3 - EEI - 3% H,0, Blank, 3/12/91
! ANALYSIS #1 #2 #3 #4 | ANALYSIS #1 #e #3 #4
Total | Total | Total| ___ | Acidity (CaCOy
| Metais: na/L | ma/L | ma/L Alkalinity (Cac0;)
' Cadmium Bacteria:
Chromium: Total F. Coliform/100ml
| Hexavalent T. Coliform/A100m!
I Trivalent Total Plate Count/iml
Copper Chioride
Lead <0.05 | <0,05 {<0,05 Chlprine: T. Res.
Nicke! Conductivity - uMHOS/em
Silver Cyanlde: Total
Zing Amenable
Free
Aluminum Reactive
Antimony Fash Point °F
Arsenic Flugride
Barium Hardness {CaCQ,)
Beryllium MBAS
Gaicium Nitrogen: Nitrate (N)
[ fron Nitrite (N}
" Magnesium Ammonia (N)
Manganese T Kjeldahl (N}
Mercury Oil & Grease
Potassium Oxygen Demand: BOD,
Selenium CoD
Silicon pH
Sodium Phenols
Thatlium Phosphorus: Total {P}
Tin Resldue: Total
Total Volatile
Suspended
Volatile Suspended
Sulfate
Sulfide: Total
Reactive

ug/L = micrograms/Liter(ppb}  mg/L = milligrams/Liter(ppm) * mg/kg = milligrams/kitogram e > = greater than © < =less than (below detection)
S

Sampled By: Client

KWLI

Auto Sampler Other
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EMISSION SAMPLING |

EQUIPMENT SPECIFICATIONS

nvisage
nvironmental
ncorporated

N 152 Richfiald, Ohio 442

Box
Phona {216) §26-0930

8e




Control Unit (Keter Box)

Envisege Envirommental Inc.
Anderson Samplers
Remanufactured R.&.C.

Sample Box

N EELL

Remanufactured R.A.C.
E.E.I. Special Design

Equipment Designation

Control Unit #°s KB- 08 & 09
Control Unit #'s WB- 01 - 02
Control Unit #'s KB- 03 - 07

sB- 01, 02 & 05 - 07
sé- 03 & 04
sB- 08 - 1%

Impingers - per sample trein (each set changed for each test run)

;é‘ E.E.I.
E.E.I.
Probes length
E.E.l. 2 foot
\/: E.E.I1. 3 foot
___E.E.T. 5 foot
E.E.l. 3 foot
E.E.I. 7 foot
E.E.I. 10 foot
. E.E.I. 12 foot
E.E.I. 15 foot
E.E.1. 24 foot

Temperature Sensors

—_Dmega Engineering
Thermo Electric

7 Fluke 51

___ Fisher Scientific

—_Fisher Scientific

Pressure Gauges

\(;{ Dwyer Incline Manometer
Dwyer Magnehelic
Dwyer Magnehelic

. Dwyer "u* Tube Manometer
Dwyer "U* Tube Henometer

___Dwyer Microtector (Micro - Manometer)

Chemicals and Reagents

\/'/ Water

Acetone
Silica Gel
v Stopcock Grease

3 Medified Smith Greenburg type
1 Smith Greenburg type

Lining types

ss, QUARTZ

§S¢ PYREX, JOUARTZ, TEFLON
SS, PYREX, QUARTZ, TEFLOW
SS, PYREX, TEFLOW

$S, PYREX, TEFLON

$5, PYREX, TEFLOW

SS, PYREX, TEFLON

$S, PYREX, TEFLON

SS, TEFLON

Equipment Designation

PY- 01 & 02

PY- 03 - 08

PY- 01 -02 - 03 - 04 - O5
Mercury Thermometer
Bimetallic Thermometer

Type

Qil, 0 - 10 inch water
Magnetic/Mechanical 0 - 1 inch water
Magnetic/Mechanical 0 - 10 inch water
Kercury, 36 inches

Weter, 72 inches

Water, 0 - 1 inches of uwater

Deionized/ Distilled

Reagent Grade (<0.001X residual)

6 - 16 Mesh

Acetone- Insoluble & Heat Resistant

43
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CALIBRATION SECTION

Envisage
Environmental
ncorporated

0, Box 152 Richfield, Ohic 44286
Phone (218) 526-0990




49

"S" TYPE PITOT TUBE CALIBRATION

"S" Type Pitot Tube (Probe) # # 303 - 3 ft. Probe

Calibration Date: March 4, 1991

/
AP
/ std
C = € e
P std / b
\/ p (EPA Equation 2-2)
where:
C = Coefficient of Type S pitot tube, dimensionless
P
C 4 = Coefficient of Standard Pitot Tube (0.99), dimensionless
st
AP g = Velocity head measured by standard pitot tube, inches H20
st
AP = Velocity head measured by Type S pitot tube, inches H20
P
AP Ap c
std p p
Side A 0.16 0.22 0.844
Side B 0.16 0.22 0.844
Side A 0.30 0.42 0.837
Side B 0.30 0.42 0.837
Side A 0.52 0.72 0.84]
Side B 0.52 0.72 0.841
Average - 0.84

Envisage
Environmental
incorporated

P.0. Box 152 Richfield, Ghio 44286
Fhone {216) 526-0990




METER BOX CALIBRATION
Meter Box Number: RAC # 4

Calibration Date: March 5, 1991

t b
¥ E e e —
- i S TR
o | Pptime | (T 00
0.0317 “H " T+ 460 ) t
~H s B e
@
P (Tm+ 460 ) ) v, ]
Delta H (*H) in. H20 0.5 1.0 3.0 5.0

Pres.Barometer (Pb) in. Hg 29.62 29.62 29.62 29.62
Vol.Meter Box (Vm) cu. ft. 4.219 6.010 10.400 13.409

Vol.Test Meter(vt) cu. ft. §.152 5.825 10.045 12.900
0

Temp. Meter Box (Tm) F 88.0 95.7 100.7 106.9

°R 548.0  555.7  560.7  566.9

Temp. Test Meter (T,) °F 78.0  78.0  78.0  78.0

°R 538.0  538.0  538.0  538.0

Time (t) minutes 10.0 10.0 10.0 10.0

METER FACTOR (V) 1.001  0.999  0.999  1.001
- Average _1.00

METER COEFFICIENT (*Hy) 1.640  1.643  1.643  1.642
- Average 1.64

7.0
29.62
15.8286
15.209
110.2
570.2
78.0
538.0
10.0
1.001

1.644

' Envisage
. Envirenmentai
. Incorporated

F.O. Box 162 Richfieid, Ohlo 44286
Phone (216) 526-0930




4!)
METER BOX CALIBRATION
Meter Box Number: RAC # 6
Calibration Date: January 29, 1991
vV P (T + 460 )
t m
Y BB e i o e e 0 S e e e e S R T O 0 e P ) B R S e R e
- g -
v P 4 =————-- (T + 460 )
m |_ b 13.6 _
0.0317 ~H (T + 460 ) ¢t
t
AH S B i LY S p—p————
e
P { Tm + 460 ) v
b t
Delta H (*H) in. H20 0.5 1.0 3.0 5.0 7.0
Pres.Barometer (P ) in. Hg 29.45 29.45 29.45 29.45 29.45
b
Vol.Meter Box (V )} cu. ft. 4.018 5.68% S.B78 12.697 14.%969
m
Vol.Test Meter(Vv ) cu. ft. 3.963 5.589 9.613 12.391 14.646
t
o
Temp. Meter Box (T ) F B7.0 90.0 97.8 99.4 100.6
m
o
R 547.0 550.0 £57.8 E8S.4 560.6
o
Temp. Test Meter (T )} F 79.0 79.0 79.0 79.0 79.0
t .
o
R 539.0 £3%.0 539.0 539.0 53%.0
Time (t) minutes 10.0 10.0 10.0 10.0 10.0
METER FACTOR (Y) 1.000 1.000 1.000 1.000 1.000
- Average 1.00
METER COEFFICIENT (“He) 1.820 1.820 1.820 1.820 1.820
- Average l.82
Envisage
Environmenial
Iincorporated

- P.O. Box 152 Richfield, Ohio 44286
Phone {216) 526-0990




“s" TYPE PITOT TUBE CALIBRATION éltf

"8" Type Pitot Tube (Probe) # 301 - 3 £t Probe

Calibration Date: January 14, 1951

/
~P
/ std
€ = € @ eeeee——
P std /
P
\V) P (EPA Equation 2-2)
where:
c = Coefficient of Type S pitot tube, dimensionless
P
c = Coefficient of Standard Pitot Tube (0.99), dimensionless
std
~P = Velocity head measured by standard pitot tube, inches H O
std 2
P = Velocity head measured by Type § pitot tube, inches H 0
P 2
~P P C
std P P
Side A 0.15 0.21 0.837
Side B 0.15 0.21 0.837
Side A 0.25 0.35 0.837
Side B 0.25 0.35 0.837
Side A 0.40 0.55 0.844
Side B 0.40 0.55 0.844
Average - 0.84
Envisage
Environmental
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NOZZLE DIAMETER CALIBRATION

I.D. of mnozzles are checked periodically by inside

micrometer on et least 12 different diameters. If
deviation exceeds +0.001" on an average or 0.002"

maximum, nozzle is reworked. Sharpening occurs after
each test.

CALIBRATION FREQUENCY

The frequency of calibration is dictated by the Federal
Register, Volume 42, Number 160, August 18, 1977. The
regulations state that you must "use methods and
equipment which have been approved by the Administrator
to calibrate the orifice meter, pitot tube, dry gas
meter, and probe heater. Recalibrate after each test'.

The  methods of calibration are determined from
"Maintenance, Calibration, and Operation of Isokinetic
Scurce Sampling Equipment,'" published by the U.S. EPA
Office of Air Program Publications APTD-0576. Per the
above 1listed regulations, the equipment was checked
after the stack test and the values of Y, Cp (Test) and
nozzle diameter had not appreciably changed £from the
acceptable tolerances.
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EMISSIONS SAMPLING

NOMENCLATURE

Envisage
Environmental
Incorporated
P.O. Box 152  Richfield, Chio 44286




du

PARTICULATE SAMPLING NOMENCLATURE

Cross sectional area of stack or duct, ftz.

Cross sectional area of nozzle, ftz.

Water vapor in gas stream, proportion by volume.
Nomograph correction factor, dimensionless,
Pitot tube coefficient, dimensionless.

Concentration of particulate matter in gas stream, dry
basis-corrected to standard conditions, gr/dscf.

Nominal diameter of probe nozzle tip, inches.
Particulate Emission Rdte, Tb/hr.

Average pressure differential across orifice, in. H20.

Orifice meter calibration factor, in. HZO'

Percent of Isokinetic sampling, %.

Pitot tube constant, 85.49 i | {Ib/ib-mole)(in.Hg)
sec ( R)(1n.H20)

Molecular weight of gas, dry basis, 1b/1b-mole.

Total amount of particulate matter collected, g.

Molecular weight of gas, wet basis, 1b/1b-mole.

_ P.O. Box 152 Richfieid, Ohio 44286
Phone (216) 526-0930
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Particulate Sampling Nomenclature - continued

Mw = Molecular weight of water, 18 1b/1b-mole.

P = Barometric Pressure, in. Hg.

bar

P =  Pressure differential from gas stream to atmosphere,

9 (static pressure) in.HZO.

Ps = Absolute gas stream pressure,(Pbar + Pg/13.6) in.Hg.

std - Absolute pressure at standard conditions, 29.92 in. Hg.
Pw =  Density of water, 0.0022 1b/ml.

APavg = Average of the square roots of the velocity head readings,

(\[%p ) (in.H0,).

Q = Volumetric flow rate at gas stream conditions, A.C.F.M.
Q = Dry volumetric gas flow rate corrected to standard

sd .

conditions, S.C.F.M.

R = Ideal gas constant, 21.85 in. Hg-ft3/ 0R-?b-moie.
t = Total sampling time, minutes.
Tm = Average dry gas meter temperature, OR.
TS = Average absolute gas stream temperature, 0R.
TStd = Standard absolute temperature, 5280 Rankine.
vlc = Volume of water collected in impingers & silica gei, ml.

. Envisage
 Environmental
incorporated

- P.O. Box 162 Richfield, Ohle 44286
Phone (216) 526-0990
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Particulate Sampling Nomenclature - continued

fl

Volume of gas sample measured at meter box {meter conditions), ft3

Volume of gas sample meaiured at meter box (corrected to
standard conditions), ft~.

Average gas stream velocity, ft/sec.
Volume of water vapor in gas sample (standard conditions) ft3.
Specific gravity of mercury (Hg).

Percent by volume of CO, in gas stream (dry basis).

2

Percent by volume of 0, in gas stream (dry basis).

2

Percent by volume of CO in gas stream (dry basis).

Percent by volume of N2 in gas stream (dry basis).

Envisage
, Environmental
Incorporated

- P.O. Box 152  Richfield, Ohic 44286
Phore (216) 526-0890




EMISSION SAMPLING

CALCULATIONS

: Envisage

. Environmental

| incorporated
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1)

13.6
Pstd

Example: Run

- —— e e e

(EPA Equation 5-1)

Volume of gas sample meaiured at meter box (corrected to
standard conditions), ft~.

Volume of gas sgmp]e measured at meter box (meter
conditions), ft~.

Standard absolute temperature, 5280 Rankine.
Average dry gas meter témperature, 0R.

Barometric Pressure, in. Hg.

Average pressure differential across orifice, in. HZO'
Specific gravity of mercury (Hg).

Absolute pressure at standard conditions, 29.92 in. Hg.

59.05 £t

538.8 °R

3.10 in. W0

30.18 in. Hg
528.0 30.18 + -%élg_

59.95 e .. 1326
538.8 29.92

59.95 (0.9799 )  ( 1.0163 )

59.71  ft°

Envisage
, Envirenmental
. Incorpeorated

PO. Box 152 Richfield, Ohio 44286
Phone (216} §26-0920
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2) Volume of water vapor collected at standard conditions,

-
it

(EPA Equation 5-2)

Volume of water vapor in gas sample (standard conditions) ft3.
Volume of water collected in impingers & silica gel, ml.
Density of water, 0.0022 Tb/ml.

Molecular weight of water, 18 1b/1b-mole.

Ideal gas constant, 21.85 in. Hg—ft3/ 0R-]bumole.

Standard absolute temperature, 528 ° Rankine.

Absolute pressure at standard conditions, 29.92 in. Hg.

16.8 ml

16.8 $0.0022 7 17(21.85) _ ( 528.0)
' I 29.92

0.79 t>

Envisage
Envirenmentai
Iincorporated

F.O. Box 152 Rlehfield, Ohio 44286
Phone {218) 526-0990




5} Molecular Weight of gas in gas stream, 6+

MS = Md (1- Bws ) o+ Mw (B ws)

(EPA Equation 2-5)
Where:
MS = Molecular weight of gas, wet basis, 1b/1b-mole.
Md = Molecular weight of gas, dry basis, 1b/1b-mole.
Bws = Water vapor in gas stream, proportion by volume.
Mw = Molecular weight of water, 18 1b/1b-mole.

Example: Run 1

Md = 28.84 1b/1b-mole
= 0.0131
WS
Ms = 28.84 (1 -0.0131) + 18 ( 0.0131)

= 28.459 + 0.235

= 28.69 1b/1b-mole

. Envisage
Environmentai
incorporated

- PO. Box 152 _Richtield, Ohlo 44285
Phone (216) 526-0990




6) Average Gas Stream Velocity, 6

fl

(EPA Equation 2-9)

Average gas stream velocity, ft/sec.

Pitot tube constant, 85.49 ft gl?ZAE:Tglglgiﬁlﬂgl_ }é
sec | R)(1n.H20)

Pitot tube coefficient, dimensionless.

Average of the square roots of the velocity head
readings, ( \T“p ) | in.H20 ).

Average absolute gas stream temperature, °R.
Absolute gas stream pressure,(Pbar + Pg/13.6) in.Hg.
Barometric Pressure, in. Hg.

Pressure differential from gas stream to atmosphere,

(static pressure)-in.HZO.

Molecular weight of gas, wet basis, 1b/ib-mole.

0.84
1.663 in.H201/2
514.2 °R
Pbar + Pg /13.6 = 30.18 + 1.90 /13.6 = 30.32 1in.Hg

28.69 1b/1b-moie

( 85.49 )( 0.84 ) ( 1.663 ) \ z—gﬁtgé——j——;zw-éétgg-i

91.81 ft/sec

Envisage
Environmental
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7) Volumetric

Where:

60 =

Example: Run 1

-
It

-2
1l

Fiow Rate at Gas Stream Conditions

¥

Volumetric flow rate at gas stream conditions, A.C.F.M.
Cross sectional area of stack or duct, ftz.
Average gas stream velocity, ft/sec.

Conversion factor from seconds to minutes.

7.07 ) ( 91.81 ) 60

Envisage
Environmental
. Incorporated

- P.O. Box 152 Richfield, Ohio 44288
Phone (216) 526-0980




8) Volumetric Flow Rate at Standard Conditions

Y AL s e . e i i e e e T i e T

Tstd Ps
Qsd = 60 (1- Bws ) VS A o= ~5=-=-
_ s _ std _
Where: (EPA Equation 2-10)
Qsd = Dry volumetric gas flow rate corrected to standard

conditions, S.C.F.M.

60 = Conversion factor from seconds to minutes.

Bws =  Water vapor in gas stream, proportion by volume.

Vs = Average gas stream velocity, ft/sec.

A = Cross sectional area of stack or duct, ftz.

TStd = Standard absolute temperature, 528 ° Rankine.

TS = Average absolute gas stream temperature, 0R.

PS =  Absolute gas stream pressure,(Pbar + Pg/13.6) in.Hg.
P = Barometric Pressure, in. Hg.

bar

P = Pressure differential from gas stream to atmosphere,
g (static pressure) in.HZO.

PStd =  Absolute pressure at standard conditions, 29.92 in. Hg.

Example: Run 1

B = 0.0131
WS
v = 91.81 ft/sec
s 2
A = 7.07 ft
T - 514.2 °R
PS = Pbar + Pg /13.6 = 30.18 + 1.90 /13.6 = 30.32 in.Hg
528.0 30.32
- 39,989 SCFM
Envisage
Environmental
Incorporated
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8) Gas Stream Particulate Concentration,

M
¢, - 15.43 gr./q _v__D_&__
m(std)
(EPA Equation 5-6)
Where:
CS = Concentration of particulate matter in gas stream, dry
basis-corrected to standard conditions, gr/dscf.
Mn = Total amount of particulate matter collected in probe wash

and on filter, g.

Vm(std)= Volume of gas sample meagured at meter box (corrected to
standard conditions), ft .

( probe ) ( filter )

Mn = 0.0083 + ¢.0010 = 0.0093 g
3
vm(std)_ R9.71 ft
0.0093
¢ - 15.43 | “55.71 |

L}
o
L=
o
™~
o

[{a}
-
S

(=%
v
©
-+
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10) Particulate Emission Rate,

e - Q. ¢ 1 pound ~_60_minutes_
- sd s _ 7000 grains _ _ 1 hour

Where:

E = Particulate Emission Rate, lb/hr.

Qsd = Dry volumetric gas flow rate corrected to standard

conditions, S.C.F.M.

c = Concentration of particulate matter in gas stream, dry
basis-corrected to standard conditions, gr/dscf.

Example: Run 1

3

0, = 39,989 ft

C, = 0.0024 gr/dscf

E = ( 39,989 ) (0.0024) | --20-
) ’ ' 7000

Envisage
Environmental
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- P.O. Box 152 Richfield, Ohio 44286
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11} Percent of
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Isokinetic Sampling,

...V _— -— —_
m *H
100 T | Ky Yy ¢ T Phar ¥ 1376
""""""""""""""" 60 AV Pt T T
n s Ps t (EPA Equation 5-7

Percent of Isokinetic sampling, %.

Average absolute gas stream temperature, 0R.

Constant, 0.002669 in.Hg-ft>/m1-"R.

Voiume of water collected in impingers & silica gel, mi.

Gas sample volume measured at meter box (meter conditions), ftg.
Average dry gas meter temperature, °r.

Barometric Pressure, in. Hg.

Average pressure differential across orifice, in. H,0.

Total sampling time, minutes. 2

Average gas stream velocity, ft/sec.

Absolute gas stream pressure, in.Hg.

Nominal diameter of probe nozzle tip, inches.

Cross sectional area of nozzie, ftz.
514.2 °R MO - 3.10 in.H.0

16.8 ml t = 60.0 min.

59.95 ft° v, o - 91.81 ft/sec
538.8 °R P - 30.32  in.Hg

0.0001917 ft2 P = 30.18 in.Hg

bar
00 ) | 0.002669 ( 16.8 ) + :--ggégg-:| l: 30.18 + %g%gn "‘ l

0.0001917 ) ( 91.81 ) ( 30.32 ) ( 0.0 )

Envisage
Envirenmental
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Master Metal's 3.6-m SRF Using 100% 02 to Burne.: Simulates 1st Hour After Charge Door is Closed.

ESTIMATE OF STACK EMISSIONS (FROM NEW BAGHOUSE) WHEN OPERATING THE 3.6-M ROTARY FURNACE,

and Summary of Results of Furnace and Flue Calculations

Drying - Melting .. Reduction
Operation time during each furnace charging cycle: l'.'('J """"" Hr 2.0 Hr 3.0 Hr

Initial temperature for drying, meiting, or reduction: 194 °F 590 °F 1445 °F

Btu/Hr 5.6 MM Btu/Hr 56 MM Btu/Hr
°F 1796 °F 2156 °F

Ft3/Hr Ft3/Hr - 5201 Fi3/Hr

Ft3/Hr F{3/Hr.

Matural gas firing rate:
Average off-gas temperature from the furnace;
Naturai gas consumed by the furnace:

'B'%luted flue gas to the stack

Flow rateenteringstack @ 95 °F 19,341  ACFM - 12,888 ACFM 17,285 ACFM
Flow, DSCFM = 77°F @ 1 atm.: 17,208 D3CFM 11,745 DSCFM 15,822 DSCFM
Moisture content of gas to stack: 43% Yol % 1.9% Yol & 1.5%8 VYol®
Particulates to stack, grains/dscf: 0.0026 g/DSCF 0.0026 qg/DSCF 0.0025 g¢/DSCF
S02 to the stack: 0.51 Lb/Hr 0.12 Lb/Hr 0.029 Lb/Hr

-----
.........
''''''''
.........

:i;";nssmns from Stack (Lb/Hr)

Tetraethyl lead: *BDL  Lb/Hr *BDL  Lb/Hr 8Dl Lb/Hr
Total chlorine expressed as chloride: 0.023 Lb/Hr 0.016 Lb/Hr 0.021  Lb/Hr
Lead as Pb: 0.13  Lb/Hr 0.085 Lb/Hr 0.11 Lb/Hr
Antimony as Sb: 0.0042% Lb/Hr 0.0032 Lb/Hr 0.0043 Lh/Hr
Arsenic as As: **iD  Lb/Hr *¥%ID  Lb/Hr *%|0  Lb/Hr.
Barium as Ba: <0.01  Lb/Hr <0.01  Lb/Hr <¢.01  Lb/Hr
Silver as AQ: <0.01  Lb/Hr <0.01  Lb/Hr <0.01  Lb/Hr
Cadmium as Cd: <0.01  Lb/Hr <0.01  Lb/Hr <0.01  Lb/Hr |
Chromium as Cr 0.0003 Lb/Hr 0.0002 Lb/Hr 0.0003 Lb/Hr
Mercury, thallium, and beryllium: *®EN|F XHEENIF
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Master Metal's 5.6-m SRF Using 100% 02 to Burner: Simulates 1st Hour After Charge Door is Closed.

furnace: 0ld(3.6-m)|Pb® in Bulln, mt (HARGE Bullion Slag Only Matie Only
Date: 24-Jul-91 iPbin Feed, mt 11.29 CYLE PbO
EndOfPeriod, T 310 deqC |Pb.Mat+Slag, mt /S FIRST Pb*, PbS
Parameters Pb in Dust, mt kaiakatelalaliololl c*
to Check _|Pb,DrossFloat,mt TIME 1S c02
Slag Fe = = S Bullion, mt DURING FeS
Target = 10 to 15% |PbRecToBulln THE FIRST FeO
Basicity = if Balanced if small  9.98E-12 N/ S
Target = 1.1 to 1.4 5lag, mt HRS AFTER Na2$S
Yiscosity = I s Matte, mt CHARGE DOOR Na(K}20
Target = 10 to 40 |Soda/br 10 fiue 0.045 1S CLASER Si02
Slag Ratioof EEmisiiiniii{Dust, & of feed 29% akakalaolataliatolal Ca(Ba)0
(Si+Al)/Na = 1.2 Molds Qutput=-~> Mg0
Feed{ Scoops) Wetfeed, 1b DryFeedMt/hr Cr203
P.CakeTEL(2)  4000. 1.39 Al203
MM Plate(6) 13600. 6.08 NaCt
Dust in (2) 1000. 0.45 FeO Sn*, Sn0
MM Dross(6) 13000 5.78 S Sh=,5b253
Coke( 1/2) 700. 0.31 Na20 Other
FeChips(0.35) 500. 0.22 5i02 In0,ZnS
Total Air In 1842. 0.83 Ca(Ba)0 Other
02 to Burner 760. 0.34 g0 Other
Lenox(0) 0. 0.00 Cr203 Cu,Cu2s:
NiterDross(0) 0. 0.00 Al1203 TOTAL
Glass Sand(2) 2000, 0.89 NaCl
Anzon{ 0) 0. 0.0 Sn0 & of S fixed: 99.90%
MNatural Gas 237.4 0.108 Sb203 1 mtBullion 0.0 Coke in matte
TOTAL 37639. 16.41 JA1203 Brick, Kg/hr per + slag, # :
Flux Summary mt Bullion 0.00 "Slag” Basigity & =
Soda( 2+BH) 3500. 1.586 Mat.FeS/Na2s 0.50 Distribution Factors
Send ( 1.5) 2000. 0.907 Mat.FeQ Contr. 10 Sn(Bullion): 0.00
FeChip{.25) 500. 0.227 Z Excess Coke 20.0%8 Sb(Bullion): 0.00
Coke (0.5) 700. 0.317 =:JPbTo"slag"mt Cu(Bullion): _0.00
Comments: Moisture is evaporated from charge. The door is closed Yiscosity of the silicate slag, [DrossRecycle: 0.00 __ |
There is no fusien or reduction. See Page 2 for gas snalyses and data, Poise: 1802 controller -
Oxygen make-up is met with tonnage oxygen (to burner), plus tramgp air, e
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates 1st Hour After Charge Door is Closed.

6as firing rate: Summary of Heat Losses, Keal/hr  |Approx. st S02 vented from  |Estimated aT drop due to heat
Keal/hr 1,427,348 During 1st part of 1st charge cycle | plant per yr 0.42 loss when gas passes through
Btu/hr 9,663,719 [Loss through furnace walls 96,507 _{ the knackout tanks prior to
KgNat. Gas/hr 1076  [Heat to refractory from system 108,086 s =« initial dilutn. 117 degC
Lb NG/hr 237.4  |Radiant heat loss thru closed door 4,942 Gas Temp. exiting ACFM from
#Tonge02Use 100.8 | Sum of heat losses: 209,535 stack: 35 degC the furnace: 5,004
BEXC.02~>NG -20% Initial T°C of refractory (Ave.) 700 deqC |Gas Temp. exiting convective jSCFM from
Ave. Offgas T°C_900 degC [Final 7°C of refractory (Ave.) 725 deqC | cooler: 345 degC the furnace: 1,221
P, inch H20 0.25  [Coke Content of Oxide Component: siiiiniseenini Gas Temp, exiting convective |ACFM to BH: 6,708
Shell, T°F 425 degF__[Furnace area in use, m2 27.7 cooler: 195 degC_ {SCFM to BH:
Tramp Air in Through the | Temperature of bag house: 105 deqgC | Matte/slag concentration ratio for coke: .
Door, kg/hr: 8§35, PbinStlicatePhaseOfEmulsion,mt =i = SCFM moisture to stack: 766 823
Percent of Dust Exiting Pb inMatte phase of Emulsion, %:u:: =23 Coke Calculated via total heat? Indirectly.
Per Hour 16.7% Hrs of 1st Cycle Furnace Offgas Portion of excess coke burned, £/hr?
Percent of Charge Fused CycleDoorClosed [Yolume B at Q00 degl [ s
Per Hour 0.2 6.0 02: 2.1% Number of Hrs in this period: One 1.0
Percent of Charge Reduced [TYotal Hrs Burner N2: 26 9% Soda ash CO2 still in solids? Yes 100.0%
Per Hour 0.2 H20: 58.5% Soda ash C02 to gas vent? No 0.0%
Stoic. Pure 02 for Natural Co2: 12.62 Coke heat input, Keal/hr oL
Gas, kg/hr 430.4 CO: 0.02 System's heat gain from refractory, Kcal/hr
Stoic. Pure 02 for solidC-> S02: 0.0042% |Heat lost to furnace offgas & dusl, Kcat/hr
€02, Kg/hr ) sums= 100.00%8 | Heat to furnace charge from burner, Kcal/hr
0.0 Furnace Offgas Heat lost from walls and doar, Kcal/br
initial Temperature mt/hr Sum of heats of reaction and fusion: .
of Charge: 90 degC 02: 0.06 Afr drawn into furnace via door, SCFM 382
Final Temperature - NZ2: 0.64 FurnaceGas kg 2058, Gas Yolume to Baghouse,
of Charge: 310 degC [ H20: 0.89 " " kaMaole 84.9 ACMH= 11,398
Charge Moisture Removed: 66.7% C02: 0.47 v/0C02 diluted 0.86% Sn{Bullion): 0.00
Offgas volume at average furnace temperature: CoO: 0.0 From Stack Sb(Bultion): 0.00
8,503 ACMH 502: 0.00023 |v/0502diluted 0.00029% [Cu(Bullion): 0.00
Dilution air to cooler, kg/hr 3,215 sum = 2.0584  pmiziemiest FFFICIENCY OF HEAT UTILIZATION, %
Dilutn. air to cooler, ACMH 5,885 Space helween daor and furnace, inches 0.39  [Calculated Eff, 46F
Total ACMH inte cooler 14,388 StartzupContrelestorTolag st i menn Tl Target effic, 452
Comments: One third of charges H20 evaporated during charging process. (302, Z/hr 60.02 BH, ACFM 6,708
Note that exit gas temperature is the average during the period. Lb S02/Hr [S02evaoln.,hrs{Press., mm: 730
0.506 1.0 Ambient, deqC: 7

7/23791
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulaies ist Hour After Charge Door is Closed.

it Efficiency |
Kg moles of gas from furnace 84.9 Oxide Slag mt .93 Kcal from solids 598,155
Kg moles air cooler entry 1115 345 degC  |C with Oxide 0.67 Feed gases -44,410
Kg moles gas into cooler 196.3 195 deqgC | BC in Oxide 11.32 Keal from H20 evaporation 0
Air to cooler exit, kg/hr 4518 105 degC |C Burnt, mt 0.014 Kcal from coke excess -108,579
Air to cooler exit, ACMH 5059. Cindust, mt 0.00 Keal from shell loss 204 593
Kg moles air to cooler exit 156.6 Dilution air to stack, kg/hr: 25450, TOTAL 649,759
Kg moles, all gases, to BH 353.0 Total gas to stack, kgMoles/hr 1249, Burner Keal 1,427,348
ACMH to BH, TOTAL 11398, Total ACFIM into stack 19341, Efficiency 4558
Atomic Total Total mt 02 released by redn., mt: 0.0000
Weight Moles SCFH air drawn into furnace: 22,924
(inc. refractory) SCFM air drawn into furnace: 382
PbO 223 0.00811 1.809
Pb* 207 0.04642 9.608
€°, non-gas 12 0.05703 0684
€02 44 0.00190 0.083
Fe® 55.8 0.00337 0.188
FeC 71.8 0.00148 Q.107
503 80 0.00237 0.190
S5 32 0.00360 0.115
Na(K )20 62 0.00466 0.289
5i02 60 0.02006 1.204
Ca(Ba)0 56 0.00117 0.065
Mg0 40.3 0.00263 0.106
Cr203 152 0.00011 0.017
A1203 102 0.00076 0.077
NaCl 58.5 0.00231 0.135
Sn0 135 0.00039 0.052
5b203 291 0.00074 0216
H20FrCb 18 0.03050 0.549
InQ 81.4 0.00026 0.021
502 64.0 0.00000 0.000
02 32.0 0.01678 0.537
Cu0 79.5 0.00074 0.059
Sum: 0.20538 16.112

7/23/91

HAZEN RESEARCH, INC., Project 6911



Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates 1st Hour Afier Charge Door isClosed.”

Weight 3 P. Cake Plates MMdust MMDrs Coke Fe Chip Air  Oxygen Lenox NilerDs Silica Anzon NatGas
PbO 3558 1902 353% 003 0.0% 0.08 0008 0008 349% 100%8 0008 7113 0.08%8
Ph* 80% 732 008 87.3% 00% 0.0% 0008 0002 00% 6128 00% 008 0.00%
ce 12008 1.50% 0008 23 922% 300% 0008 0008 00% 0508 0008 221% 75.00%
co2 6.008 0.008 0.00% 000% 000% 0008 000% 000% 00% 0008 0008 0003 0.002
fe® 0008 0.1% 0002 000% 0.00% 8250% 0.003 0003 00% 0008 0.008 008 0003
FeO 2808 01% 0508 050% 029% 12008 0.00% 000% 09% 0508 0308 00% 000%
503 1.008 208 120% 0.00% 000% 000% 0008 0008 00% 0008 0008 4038 0.00%
S 0.00% 0.008 0008 1708 S50% 0008 000% 000% 03% 1508 000% 0008 000%
Na{K)20 1.10% 000% 350% 2002 0.10% 000% 000% 0002 35% 7308 00138 0003 0.00%
5102 11.00% 1.008 0508 15038 150% 250% 0008 0008 360% 0508 996% 099% 0.00%
Ca{(Ba)0 1.50% 0.158 0.10€ 060% 009% 0.00%2 000% 000% 090% 5008 0008 1508 0.00%
Mg0 7508 0008 0.10%8 0.02% 004% 0.00% 000% 000% 070% 0.10% 00038 0008 000%
Cr203 1.10%8 0.00% 0.13% 0.02% 000% 000% 0008 0008 000% 0.008 0008 0008 0.00%
A1203 5008 005S% 0.10% 005% 0.18% 0.00% 000% 0008 1618 000 0.108 000% 0.00%
NaCl 0.068 052% 1008 1.00% O0.10% 0.00%8 0008 0008 0208 0508 000% 035% 0.00%
Sn0 0.01% 0108 2.50% 060% 000% 0.008 000% 000% 0108 6008 0008 0008 0.00%
5h203 0.02% 230% 1508 1.20% 000% 0.00% 000% 000% 0.10%8 650% 0008 0.008 0.00%
Other 0.00% 0.00% 0.008 0.002 0.00% 0.00%3 00038 000% 000 0008 0008 0008 0.00%
InQ 0.02% 0.00% 2008 0208 000% 0.00% 0002 000% 1.00%8 0208 0008 0.00%8 0002
502 0.000% 0.000% 0.000% 0.000% 0.000% 0.000Z 0.00% 0.00% 0.000% 0.000% 0.000%8 0.000%8 0.000%
02 0.000% 0.000% 0.000& 0.000% 0.000% 0.000% 23.20% 100.0% 0.000% 0.000% 0.000% 0.000% 0.000%
CuQ 0018 0008 0258 100% 0002 000% 0008 0008 0008 0208 0008 0003 0.00%
H20XL 7.33% 000 0008 000% 000% 0002 000% 0008 5208 000 000% 0008 0.00%
co 0.000% 0.000% 0.000% 0.000% 0.000% 0.0008 0.008 0.008 0.000% 0.000% 0.000% 0.000% 0.0003%
H2 0.000% 0.000% 0.000% 0.000% 0.000% 0.000% 0.00% 0.008 0.000% 0.0008 0.000% 0.00038 250%
NZ 0.000% 0.000% 0.000% 0.000%8 0.000% 0000% 768% 00% 0000% 0.000% 0.000% 0000% 0.00%
Sum: 100.0% 100.08 100.0% 100.08 100.0% 100.0% 100.08 100.0% 100.0%8 10008 100.08 100.08 100.0%
H20 Fr. 233% 13% 0.7% 2.0% 2.0% 1.2% 0.58 0.0 1538 20% 1.38 0.0% 0.0%

P. Cake Plates MMdust MMDrs Coke Fe Chip Air Oxygen Lenox NiterDs Silica Anzon NatGas
Moisture contents of solid feeds are multiplied by 2/3 to reflect partial drying during the charging process
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Master Metal's 3.6-m SRF Using 1008 02 to Burner: Simulates 1st Hour After Charge Door is Closed.

ESTIMATE OF STACK EMISSIONS (FROM NEW BAGHOUSE) WHEN OPERATING THE 3.6-M ROTARY FURNACE,

and Summary of Results of Furnace and Flue Calculations

Drying Melting Reduction

...............................................
................................................

...............................................
................................................

...............................................

Operation time during each furnace charging cycle: 1.0 Hr Hr
[nitial temperature for drying, meiting, or reduction: 194 °F *F
Temperature at finish of drying, melting, or reduction:

Btu/Hr |

Natural gas fir ing rate: 5.7 MM Btu/Hr Btu/Hr
Average off~gas temperature from the furnace: 1652 °F °F °F
Natural gas consumed by the furnace 5260 Ft3/Hr Ft3/Hr Ft3/Hr

0 dby the fi 8978 Ft3/H Ft3/Hr

F3/Hr

Diluted flue gas to the stack

Flow rateenteringstack @ 95 °F . 19,341 ACFM ACFM ACFM
Flow, DSCFM = 77°F @ 1 alm . 17,208 DSCFM DSCFM DSCFM
Moisture content of gas to stack: 43% Yol Yol % Yol %

Particulates to stack, grains/dscf: 0.0026 qg/DSCF g/DSCF g/DSCF
502 to the stack: 0.51

Lb/Hr Lb/Hr Lb/Hr

Emissions from Stack (Lb/Hr)

Tetrasthyl lsad: *BDL  Lb/Hr *BDL  Lb/Hr *8DL  Lb/Hr
Total chlorine expressed as chloride: 0.023 Lb/Hr Lb/Hr Lh/Hr
Lead as Pb: 0.13  Lb/Hr Lb/Hr Lb/Hr
Antimony as Sb: 0.005 Lb/Hr Lb/Hr : Lb/Hr
Arsenic as As: _ **ID  Lb/Hr **ID Lbs/Hr **ID  Lb/Hr
Barium as Ba: <0.01  Lb/Hr Lb/Hr . Lb/Hr
Silver as AQ: <0.01 Lb/Hr Lb/Hr Lb/Hr
Cadmium as Cd: <0.01  Lb/Hr Lb/Hr - Lb/Hr
Chromium as Cr 0.0003 Lb/Hr Lb/Hr c Lb/Hr
ST 011 LR o107 1 O okotol || AUt . | S —iotsl .||

*  Below Detectable Limit Insufficient data to sstimats.

,,,,,,,

1/23/91 6 HAZEN RESEARCH, INC., Project 691 1



Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates 1st Hour After Chargs Door is Closed.

mt Bullion Mat+Slag Dust Out | mt All mt In All mt Out|MoleChecks| At. Wi,
PbO 0.00000 1.8089%4 /6077 |PhO 1.80894 1.9690S i 0.054529 223
Pb* 9.45964 0.00000 0.00000 |Pb" 960826 9.45964 | 0.054529 207
c* 0.00000 0.65924 0.00000 |C* 0.76502 0.65924 | 0.967361 12
co2 0.00000 0.00000 ds85849 |CO2 0.74190 1.12979 [ 0.967361 44
Fe® 0.00006 06.00000 0.00000 |Fe" 0.18779 0.00000 | 0.00485 55.8
FeO 0.00000 0.34598 0.00224 |FeO 0.10659 0.34823 | 0.00485 71.8
S03 0.00000 0.00000 205375 1503 0.18959 (0.05375 | 0.005972 80
S 0.00000 0.16950 Q.00000 [S 0.11528 0.16950 | 0.005972 32
Na2Q 0.00000 1.05978 0.15689 [Na(K)20 1.21667 1.21667 |RefrConsum 62
Si02 0.00000 1.20151 0.00224 i5i02 1.20375  1.2037S | 0.00000 60
Ca0 0.00000 0.06491 0.00045 [Ca(Ba)0 0.06536 0.06536 | 0.00000 56
Mg0 0.00000 0.10554 0.00045 [MgO 0.10599 0.10599 | 0.00000 40.3
Cr203 0.00000 0.01645 0.00058 {Cr203 0.01703 0.01703 { 0.00000 152
Al203 0.60000 0.07689 0.00045 |A1203 0.07734 0.07734 {0.00000 102
NaCl 0.00000 0.09858 0.04483 [NaCl 0.14340 0.14340 | 0.00000 58.5
Sn0 0.00000 0.04092 001121 15n0 0.05213 0.05213 Sulfide 135
$b203 0.00000 0.20952 0.00672 {5b203 0.21624 021624 339.0 291
HZ20FrCb 0.00000 0.000060 0.00000 |H20FrCh 0.54897 0.79107 Atomic 18
InG 0.00000 0.01187 0.00897 |Zn0 0.02083 0.02083 97.4 81.4
502 0.00000 0.00000 Q00073 [502 0.00000 0.00023 | Weights 64
02 0.00000 0.00000 Q00006 |02 0.53707 0.05582 86.9 32
Cu0 0.00000 0.05790 0.00112 |Cu0 0.05902 0.05902 159.0 795
H20XL 0.00000 0.00000 0.00000 |H20XL 0.10194 0.10194 18
Co 0.00000 0.00000 0.00000 [CO 0.00000 0.00000 28.00 Co
H2 0.00000 0.00000 0.00000 [H2 0.02690 0.00000 H2
N2 0.00000 0.00000 0.00000 |N2 0.63804 0.63804 N2
Sum: 9.4596 5.9275 [ 1.108778 jSum: [18.55406 18.55407
. Bullion Mat+Slag | Dust Dut CHECK i
2 =] 1108778 | =1 02Mole X
<k 1.92252
T et ] '92252

7/23/91 7 HAZEN RESEARCH, INC., Project 6911



Closed.

15

Simulates 1st Hour After Charge Door

Master Metal's 3.6-m SRF Using 100% 02 to Burner
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Fe

Na(K)20
02

Cr203

HZ0FrCh

02

N2

Moles To Flux
0.0074 |PbO
0.0464 |Pb*
0.0169|C02
0.0034
00015 |Fel
00017503
0.0036 |S

0.0638

i
0.0012 {Ca(Ba)O
0.0026 {Mg0
0.0008 [A1203
0.0017 |NaCl
0.0003 | Sn0
0.0007 |5b203

0.0439
0.0057 |H20XL

0.0171
0.0200 S
0.0001
6.0001 |Zn0
0.0000 502
0.0168
0.0007 |CuC
0.0000 |CO
0.0135}H2
0.0228

Moles To Flux
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Mastar Metal's 3.6-m SRF Using 100& 02 to Burner: Simulates 1st Hour After Charge Door is Closed.

mmt Totat In Total Qut mt At. Wt. m3/tmols

1.8089 1.9691 (PbMoleSum 223 2593 |PbO
9.6083  9.4596 |11.2874| 207 32.34 Pb"
0.7650  0.6592 [11.2874 12 533 |C*
0.7419  1.1298 | Fe&Sms. 44 0.00 |C0Z
0.1878  0.0000 | 0.00485{ 558 14.68 |[Fe"
0.1066  0.3482 | 0.00485 71.8 15.28 |Fe0
0.1896  0.0537 |0.00597 80 S03
5 0.1153  0.1695 |0.00597 32 16.00 |$S
3Na(K)20 1.2167 1.2167 | Refractory 62 31.00 [Na(K)20
35i02 1.2037  1.2037 | 0.00000 60 27.27 |Si02
Jca(Ba)0 0.0654  0.0654 [ 0.00000 56 18.67 |[ca(Ba)0
3Mg0 0.1060  0.1060 | 0.00000 | 40.3 12.21 [MgoO
31Cr203 0.0170  0.0170 | 0.00000 152 3455 |Cr203
JA1203 0.0773  0.0773 [0.00000 102 31.88 |A1203
:INaCl 0.1434.  0.1434 | 0.00000 | 585 34.41 |{NaCl
15n0 0.0521  0.0521 [CmoleSum| 135 20.93 |Sn0
15b203 0.2162  0.2162 |0.08061 291 55.96 |5b203
JH20FrCh 0.5490 0.7911 [0.08061 18 0.00  |H20FrCh
17Zn0 0.0208  0.0208 { HwtSum | 814 14.88 |In0
1502 0.0000  0.0002 |0.09922 64 502
302 0.5371  0.0558 |0.09922 32 02
Cu0 0.0590  0.0590 | O wtSum 79.5 12.42 |Cul
FH20XL 0.1019  0.1019 | 1.92252 18 H20XL
3C0 0.0000  0.0000 |[1.92252; 280 co
JH2 0.0269  0.0000 | Check? 2.0 H2
N2 0.6380  0.6380 28.0 N2
2.5um: 18.5541 18.5541 At. Wt.  m3/tmole
mt In mt Out
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates st Hour After Charge Door is Closed.

Boundary Conditions for Operating H fusion Fusion
the Short Rotary furnace kcal /kgmole Kcal/hr
PbO 6570 532949
Dust recycle rate, dry mt/hr 0.45 Po* 1150 53379.2
Calculated Natl. Gas Kcal/hr Input 1,427,349 C
Calculated Natl. Gas used, mt/hr 0.108 Coz
Calculated Nati. Gas used, kg/hr 107.60 FeS 7730 26014.3
FeQ 7500 11134.2
Natl. Gas heat content (net), kcal/kg 13,265 503 '
Natl. Gas density, Ib/ft3 @ STP 0.044
Fuel heat capacity, kgeal/kg°C 0.55 Na( K)20 11400 53101.2
Nat). Gas density, kg/m3 @ STP 1.44 3102 2600 521625
Fuel temperature, C 7 Ca( Ba)0 12200 14238.6
Air temperatures, C 7 Mg0 18500 48655.8
Cr203 4000 448.2
Al203 25700 19486.9
Solids feed conc. temperature, C 7 NaCl 6700 15497 4
Return dust temperature, C 7 Snd 6000 2316.9
Offgas temperature, C 310 Sb203 13300 9883.2
Final solids temperature,°C 310 Cud 13580 10081.0
Zn0 4500 1151.8
Stoic. oxygen for fuet, kgdry/kgfusl  4.00 Sum = 141430, 370,846
% excess oxygen for natural gas -0.20
Air inleakane to furnace, mt/hr 0.83 Chemical Reactions
kcal/kg of:
PbO + 1/2C =Pb° + 1/2C02 245 PhL*®
Atomizing steam, kcal/kg 0.00 PBES + Na20 = Na2Z$ +1/202 139.3 PbS
Atomizing steam, kg/kq fuel 0.00 Fe® + PbS = FeS + Ph* 21.3 Fe®
PbS + FeQ = FeS +Ph0 145.7 FeS
Sum H20 in furnace solids, mt/hr 0.65 |Pb0SO3 + Na20 = Na2Z3 +Pb0 + 202 2276.9 Na2$s
Moisture in air&02&Gas, mt /hr 0.00 Na2C03 = Na20 + C02 725.0 Ng2C03
Total moisture to plant, mt/hr 0.65 '
Furnace shell temperature, F 425 -
Furnace (smal}) shell area, m?2 57.65 Large=  69.08 |
i Heat Toss, kiln shell & door , kcal/Zhr 96,507 |
7/24/91 10 HAZEN RESEARCH, INC., Project 69171




. Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates 1st Hour After Charge Door is Closed.

=:1DrssProdmt  Dross,® Normalized
0.00000 8.000% Silicate PhO:PbS
0.00000 86.160% Fraction Pb*
0.00000 0.000% i.e., Slag Assay c*
0.00000 0.000% co2
0.00000 0.000% 3.5% A1Z203+Cr203|Fe“ ;FeS
0.00000 0.000% 10.9% Fed Fe0
0.00000 0.000% - S03
0.00000 5.000% ~ S5;Naz2s
0.00000 0.000% 40.4% Naz20 Na(K)20
0.00000 0.000% 4513 Si02 5i02
0.00000 0.000% 100.0%8 TOTAL Ca{Ba)C
0.00000 0.000% Mg0
0.00000 0.000% [Sulfur Balance(mt or £)}|Cr203 3
¢.00000 0.0002% Heat S Inas S 0.1211 Al203 Sulfur Pool= 0.04379
0.00000 0.000% ([HeatSOQutasS 0.1911 NaCl Oxygen Pool=  -6.42337
0.00000 0.133% |Heat S028s5  0.000191 |SnC FeSvsNaz2Smat 50.0%
0.00000 0.551% |SDross(Heat) 0.0000 |Sb203 Na20Q pool= 0.63503
0.00000 0.000%  |Ssilicate(Heat. 0.1164 [H20FrCb g
0.00000 0.000%  |Smatte(Heat): 0.0532 |Zn0
0.00000 0.000% |3 in dust=Heat 0.0217 |S02
0.00000 0.000% S out by addn, 0.1914
i 0.00000 0.1S1%
- 0.00000 0.000%
0.00000 0.000% FlueGath/hr
0.00000 0.000% 3 P
0.00000 0.0008 Wt % 502 0.0000%
0.00000 100.0% S02 exit/hr, Short Tons
=il this furpace:  0.000252
S02 exit/yr, st/yr
all furnaces: 0.42

®ofSasSilicate 60.9%

& of 3 asMatte 27.8%

% of SasDross 0 [EEiiERimeniiny

& of S as Dust 11.3% Total 8=Check }:

& of S as Gas 0.10% 100% :
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Master Metal's 3.6-m SRF Using 1008 02 to Burner: Simulates 1st Hour After Charge Door is Closed. :

mt of COZ= 0.658

0 from PbO= 0.000 but not dust.
O for Fe= 0.000 but not dust.

0 form S03= 0.000 but not dust.

0 from 5n0= 0.0000 but not dust.
0 fromSbh203= 0.0000 but not dust.

0 from Zn0= 0.0000 but not dust. [FeOMoleFract.
0 from CuQ= 0.0000 but not dust. Q.07

0 for Siin Fe® 0.0000 C02/C0wt.=R 1000.00
mt eqCO2 in= 0.6585 1.27R + 1= 1271.0000

(CO2-x)71.27x=C02/C0O wt=R
(CO2-x)=1.27Rx
C02 decornposed =1.27Rx + X = x( 1.27R+1))
X= 0.001 mt CO2 decomposed
1.27x= 0.001 mt CO evolved from melt.
C02~x= 0.658 mt CO2 evolved from melt.
0.000 mt Carbon needed for above.
0.3298 mtC
0.659 mt carbon for slag: (inc. H2)

Tr23/91 i HAZEN RESEARCH, INC., Project 6911



Mastar Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates 1st Hour Afier Charge Door is Closed.

Density
11.30

sn®
6.60
6.40

Sb*®

--------------

H20FrCb
Zn0
502

02

CGu0

Oxygen Qut=

mt 02 Qut »3/elieS/ar mt 02 In

0.14128 Q27034 0.12979
0.00000 Q02003 0.00000
0.00000 0 PO59D 0.00000
0.82166 o o000 0.53956
0.00000 2 00000 0.00000
0.07760 o736/ 0.02375
0.03225 O 200200 0.11376
0.00000 O O84785 0.00000
0.31398 Q52989 0.31398
0.64200 254614 0.64200
0.01867 carled 0.01867
0.04208 03795 0.04208
0.00538 Qo237 0.00538
0.03640 Q202403 0.03640
0.00000 AOE799 0.00000
0.00618 & e0s34 0.00618
0.03567 2 o2F29 0.03567
0.21521 200000 0.00000
0.00410 Qo027 0.00410
0.00011 O 0003 0.00000
0.05582 a4 00300 0.53707
0.01188 o2 o0205 0.01188
0.09062 000000 0.09062
0.60000 Qo0000 0.60000
0.00000 &8.00000 0.00000
0.00000 Q00000 0.00000
2.55088 !/ 93496 2.55088
A SuroF/f3 | Oxygen In |

PbO

Pb*°

c.

co2

Fe"

FeQ

S03

S
Na(K)20
S5i0z2
Ca{Ba)0
Mg0
Cr203
Al203
NaCl
5n0
Sh203
HZ0FrCh
In0

S02

02

Cul
H20XL
co

HZ2Z

N2

<~ Oxygen In

‘™3 of Bullion:

0.84

m3 of Slag; 1.93
m3 of Dross: 0.00
m3 in Charge: 2.77

N N NI
.................................
..........................................

FreshBrckM3 6.9
WornBrickM3 8.8
Effective Furn. Yolume
with New Brick

vS$ with Worn Brick

-----

......
.....

1723791
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates !st Hour After Charge Door is Closed.

Heat Capacity Calc., kcal/kg Mass Basis Heat tnputs Mass Basis Heat Outputs
T1,C= 90 for solids mt/hr kcal/hr mi/hr kcal/hr
12,C= 310 for solids Fuel Combustion 1,427,349 |Sensible Heats:
Average Feed 0.180 4.3235E-05 0.108
Steam for Atomization 0 C02 exhaust dry gas 108,019
¢o2 229 . 0.00 0.47
kcal /kg Coke Combustion: 108,579 CO exhaust dry gas 0
co 234 0.0141 0.00
Sensible Heats: 02 exhaust dry gas 11,877
Dust recy. 0.184 0.0000838 0.06
Dry fur nace feedstocks 190,289 N2 exhaust dry gas 148,695
TI,C= 25. for gases 16.26 0.64
12,C= 300. for gases Dry dust recycle 5,385 S02 exhaust dry gas 37
0.45 0.00023
Matural gas 417 Solids in Charge 891,459
0.108 (heated/hr) 16.26
Gas combustion oxygen 564 Dry dust in offgas 10,949
0.34 0.18
Total air into furnace 1,361 Slag discharge is zero 0
0.83 0.00
kcal/kg H20 in all input gases 29 H20 from all input gases 1,839
02 213 0.004 0.004
502 163 Free H20 in solid feeds 42,039 Free H20 in solid feeds 286,393
0.65 0.65
Air 0.234 0.0000173 {FeS~Fe°&FeD Formation aM 0
H20 vapor 443 Sensible Heat {NaZSfrom Pb5 ' 0 H20 from combustion 107,208
kcal/kg Na25from 503 0 0.24
N2 233 Na20-Na2C03 0 H20 from atomization steam 0
Pb® from PbO 0 0.00
H20 Yaporize oS98 Refractlory dissolved: 0 H20 from splid Rx product: 0
Heat of boiling 0.0000 0.00 ,
Heats of fusion and vaporization; } ‘
Fusion 0
Yaporization=already in aH 0 Shell+Door+Refr heat losses 209,535
Total Heat Input, kcal/hr 1,776,012 | Total Heat Qut, keal/hr: 1,776,012
1/24/91 4 HAZEN RESEARCH, INC., Project 6911



Master Metal’'s 3.6-m SRF Using 100& 02 to Burner: Simulates 1st Hour After Charge Door is Closed.

PbO
c
¢02

Fe(

Na2$
Na(K)20
Si02
Ca(Ba)0
M0
Cr203

- Al1203
NaC?
Sn0
Sb203
H20FrCb
InQ

502

02

Cu0

TOTAL SLAG

Slag Wi, mit Matte Wt mt

1.80894
0.06000
0.65924
0.00000
0.000060
0.29085
0.00000
0.28361
0.79192
1.20133
0.06490
0.10553
0.01645
0.07688
0.09809
0.04033
0.20787
0.00000
0.01153
0.00000
0.00000
0.01473
0.00000
0.00000
0.00000
0.00000
567221

0.00000
0.00000
0.00000
0.00000
0.06007
0.00601
0.00000
0.05337
6.00000
0.00018
0.00001
0.00002
0.00000
0.00001
0.00049
0.00059
0.00192
0.00000
0.00040
0.00000
0.00000
0.04317
0.00000
0.00000
0.00000
0.00000
0.16623

Pb3S
C

co2
FeS
Fel

Na235

5102
Ca(Ba)0
Mgl
Cr203
A1Z203
NaCt
Cdo
Sh2353
HZ0FrCh
ns
S02

02
Cu?2s

TOTAL Matte

11.3%
0.0%

0.00
5.0%
203%

0.00%
0.00%
0.005
0.005
0.005
0.17
0.50
0.27

1.00

100.00

& fixed C in matte + slag.

is PbS in Matte

is Matte + Slag factor kg Pb foss/mt bullion.
is (matte/slag) concentration ratio for coke
is the & NaZS in slag

is the percent sulfur in slag.

is (matte/slag) concentration ratio for silica

is (matte/slag) concentration ratio for Time

is (matte/slag) concentration ratio for magnesia
is { matte/slag) concentration ratio for chromia
is (matte/slag) concentration ratio for alumina
is { matte/slag) concentration ratio for chloride
is (matte/slag) concentration ratio for tin

is (matte/slag) concentration ratio for antimony

is ( mette/slag) concentration ratio for Zn

is (matte/slag) concentration ratio for Cu

Slag Wt . mt Matte Wt mt

7/23/91
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates 1st Hour After Chargs Door is Closed.

Calculation of Slag Yiscosity

PbO

T{phe
3 Lo

co2

Fe"

FeO

S03
Na25
Na(K)20
5i02
Ca(Ba)0
Mg0
Cr203
A1203
NaCl
Sn0

Wt & Weight Molefrac.Slag MoleNonMatte
37.3% 1.81 0.1442 0.00811
0.0% 0.00 0.0000 0.00000
008 0.00 0.0000 0.00000
0.0% 0.00 0.0000 0.00000
0.0% 0.00 0.0000 0.00000
6.0% 0.29 0.0720 0.00405
0.0% 0.00 0.0000 0.00000
2.4% 0.12 0.0646 0.00364
16.3% 0.79 0.2271 0.01277
248% 1.20 0.3559 0.02002
1.3% 0.06 0.0206 0.00116
2.2% 0.11 0.0466 0.00262
0.3% 0.02 0.0019 0.00011
1.6% 0.08 0.0134 0.0007%
20% 0.10 0.0298 0.00168
0.8% 0.04 0.0053 0.00030
43% 0.21 0.0127. 0.00071
0.0% 0.00 0.0000 0.00000
0.2%8 0.01 0.0025 0.00014
0.0% 0.00 0.0000 0.00000
0.0% 0.00 0.0000 0.00000
0.3% 0.01 0.0033 0.00019
0.0% 0.00 0.0000 0.00000
0.0%8 0.00 0.0000 0.00000
0% 0.00 0.0000 0.00000
L O0% 0.00 0.0000 0.00000
..100.00% 0.0562%

7/23/91

HAZEN RESEARCH, INC., Project 6911



Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates 1st Hour After Charge Door is Closed.

1 100 _ Start-up controler I
Calculation of the low-temperature heat capacities

A T2-T1 B T2s9-T1isq 1/72-1/71

10.57 25 1.05E-03 1.43E+04 2.06E+05 -3.07E-04

6.708 5.53E-04 1.43E+04 6.20E+03 ~-3.07E-04

Sb406 vap.

02
S02

H20 vapor

52.016

7.16
11.04

1.69E-03

2.00E-04
9.40E-04

1.23E-03

1.43E+04

1.43E+04
1.43E+04

1.43E+04

8.30E+05

4.00E+04
1.84E+05

0.00E+00

~3.07E-04

-3.07E-04
-3.07E-04

-3.07E-04

W
aataraas ety
2Kk ALk

1.20E+04

-,
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates 1st Hour After Charga Door is Closed.

Calculation of high-temperature heat capacities, kcal/kg

Low-Temp. Heat Capacities:

T1,*C= 0
A T2-T1 B 1250~ Tlsq C 1/T2-1/T1 72,°C= 25
Heat Capac.
Kcal/kg
CcoZ 10.57 875 1.05E-03 1.29E+06 2.06E+05 -2.5E-03 Cco2 4.91E+00
co 6.708 875 5.53E-04 1.29E+06 6.20E+03 —2.5E—03 co 6.20E+00
Z mass for input heat calc:
¥ mass for outputput heat calc
% mass in from material bal:
3b406 vapor 52.016 875 1.69E-03 1.29E+06 8.30E+05 -2.5E-03 | Sb203 vapor  1.83E+00
02 7.16 875 5.00E-04 1.29E+06 4,00E+04 -2.5E~-03 02 S.43E+00
502 11.04 875 9.40E-04 1.29E+06 1.84E+05 -2.5E-03 302 3.64E+00
H20 vapor 7.3 875 1.23E-032 1.29E+06 0.00£+Q0 -2.5E-03 H20 vapor 1.11E+01
N2 6.83 875 4. 50E-04 1.29E+06 1.20E+04 -2.50E-03 N2 6.20E+00
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Master Metal's 3.6~m SRF Using 100% 02 to Burner: Simulates 2nd and 3rd Hr After Charge Door is Closed.

Furnace: 014 (3.6-m)|{Pb® in Bulln, mt = CHARGE
Date: 23-Jui-21 |PbinFeed, mt CYOLE
EndOfPeriod T° 785 degC [Pb,TotalSlag, mt i /5 FIRST
Parameters Pb in Dust, mt jaiboldiolliolalaiia
to Check Pb,DrossFloat,m TIriE 15
Slag Fe0 = S Bullion, mt DURING
Target = I(} o 15% PbRecToBulln : o MRS 2-F
Basicity = : i Balanced if small ~ 9.47E-06 | 204,
Target = 4 | SilicatePhase, mt: o AFTER
Viscosity = : 4 MatteP hase, mt CHARGE DOOR
Target = 10 to 40 |Soda/hr to flue 15 CLOSED
Slag Ratio of prmi: s Dust, 8 of feed istilsioleicidate
(Si+Al)/Na = 1.2 Molds Quiput-->:

Feed( Scoops) Dryfeed,lb DryFeedMt/hr

P.CakeTEL(2)  2600.
MM Plate(6) 13328.

Dust in(2) 990.
MM Dross(6) 12610.
Coke( 1/2) 679.

FeChips(0.35) 491.
Totat Air In 2078,
02 toBurner 57.
Lenox( Q) 0.
NiterDross(0) 0.
Glass Sand( 2) 1960.

1.18
£6.04
0.45
5.72
0.31
0.22
0.94
0.34
0.00
0.00
0.89
0.0

0107

Anzon( Q) 0.
MWatural Gas 236.7
TOTAL 35730,

16.19

Fiux Summary

Soda(2+BH) 3500.
Sand (1.5) 1960.
FeChip(.25) 491.
Coke (0.5) 679.

1.586
0.888
0.223
0.308

Bullion SilicateOnlx Matie Onlyr

MaZs
Na(K)20
3i02
Ca(Ba)0
MgO
Cr203
A1203
NacCl

Sn®, Sno
Sb*,5b283
Other
In0,7nS
Other
Other
Cu,Cu?2s
TOTAL

........................................................................
.......................................................................

MqCr Brick, kg/hr per % of S fixed: 99.90%
mt Bullion 0.0 Coke in matte _

Al203 Brick, Kg/hr per + slag, B

mt Bullion 0.00 "Slag"” Basicily =

.............

Comments: {ead metallics are melted over a 1 hr period.
Oxide reduction is nil.

Mat.FeS/Naz2s 0.50 Distribution Factors

Mat.FeQ Contr. 10 Sn{ Bullion): 0.00

% Excess Coke 20.0% Sb(Bullion): 0.00
APbTo"slag " mt Cu( Bullion): 0.00

¥iscosity of the silicate stag, |DrossRecycle: Q.00

Poise_ . 1902 controtler
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Master Metal's 3.6-m SRF Using 100% 02 1o Burner: Simulates 2nd and 3rd Hr After Charge Door is Closed.

6as firing rate: Summary of Heat Losses, Kcal/hr  [Approx. st SO2 vented from  |Estimated a7 drop due to heat

Keal/hr 1,423,334 During 2nd part of 1st charge cycle | plant per yr 0.42 loss when gas passes through
Btu/hr 5,647,790 [Loss through furnace walls 96,507 | SCFM to Stack: 11977, the knockout tanks prior to
Kg Nat. Gas/hr  107.3  |Heat to refractory from system 21,617 s wi =i initial dilutn, 127 degC
tb NG/hr 236.7 Radiant heat loss thru closed door 6,380 Gas Temp. exiting ACFM from
ETonge02Use 100.8  |Sum of heat losses; 124,504 stack; 35 degC the furnace: 3,292
BEXC.02- NG -20% Initial T°C of refractory (Ave.) 725 degC  |Gas Temp. exiting convective [SCFM from
Ave. Offgas T°C_ 980 degC [Final T°C of refractory (Ave.) 735 deqC cooler: 345 degC the furnace: 752
P, inch HZ2O 0.25 Coke Content of Oxide Component: Gas Temp. exiting convective |ACFM to 8H: 4,470
Shell, T°F 425 degF  |Furnace area in use, m2 cooler: 195 degC  {SCFM to BH: 3,385
Tramp Air in Through the | Temperature of bag house: Matte/slag concentration ratio for coke: .

Door, kg/hr: 942 PbInSilicatePhaseOfEmulsion,mt SCFM moisture to stack: 2352 |8
Percent of Dust Exiting Pb inMatte phase of Emulsion, %: =1Coke Calculated via total heal? Indirectly.

Per Hour 16. 7% Hrs of 1st Cycle Furnace Offgas Portion of excess coke burned, £/hr?
Percent of Charge Fused CycleDoorClosed [Yolume® at 80 degl [
Per Hour 31 % 6.0 02: 2.1% Number of Hrs in this period: 2.0
Percent of Charge Reduced |Total Hrs Burner N2: 49.2% Soda ash COZ still in solids? Yes 100.0%
Per Hour 0.2 H20: 26.2% Soda ash COZ2 to gas vent? No 0.02
Stoic. Pure 02 for Natural Co2: 22.6%  |Coke heat input, Kcal/hr

(as, kg/br 429.2 CO: 0.0% System's heat gain from refractory, Keal/hr
Stoic. Pure 02 for solidC-> | S502: 0.00169%F {Heat lost to furnace offgas & dust, Kecal/hr

€02, Kg/hr oo sum= 100.00% _ {Heat to furnace charge from burner, Kcal/hr

35.0 Furnace Offgas Heat lost from walls and door, Keal/hr

initial Temperature s mt/hr Sum of heats of reaction and fusion:

of Charge: 310 deqC | 02: 0.034 Air drawn into furnace via door, SCFM 431
Final Temperature ; N2: 0.72 FurnaceGas, kg 1520, Gas Yolume to Baghouse,

of Charge: 785 degC | o i H20: 0.25 """ kaMale 52.3 ACMH = 7,595
Charge Moisture Removed. 0.02 €02: 0.52 v/0C02 diluted 1.42% Sn{ Bullion): 0.00
Offgas volume at average furnace temperature: CO: 0.0 From Stack Sb{Bullton): 0.00

5,595 ACMH 502: 0.000057 [v/0502 diluted 0.00011% {Cu(Bullion): 0.00

Dilution air to cooler, kg/hr 2,266 sum= 1.5201 | EFFICIENCY OF HEAY UTILIZATION, 2
Dilutn. air to cooler, ACMH 4,148 Space between door and furnace, inches = 0.44 Calculated £1T. 463
Total ACMH inta cooler 9,742 SteptranContralien o otalg s gt Target effic. 47.5%
Comments:  Note that the exit gas temperature is the average during 502, &/hr 15.0% BH, ACFM 4,470

the perind, Lb S02/Hr |50Z2evoin. ,hrs|Press., mm: 730

0.125 2.0 Ambient, deqC: rd
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Master Metal's 3.6—-m SRF Using 100% 02 to Burner: Simulates 2nd and 3rd Hr After Charge Door is Closed.

e Efficiency
Kg moles of gas from furnace 52.3 Oxide Slag mt 5.86 Kcal to solids 802,563
Kg moles air cooler entry 78.6 345 degC  |C with Oxide 0.63 Kcal 1o redn. & fusion 55,134
Kg moles gas into cooler 130.8 195 degC | BC in Oxide 10.7% Wall & door 10sses -102,887
Alr to cooler exit, kg/hr 3010. 105 degC  |C Burnt, mt 0.027 fFeed gases -2,514
Air to cooler exit, ACMH 3371, C in dust, mt 0.00 Coke heat input, Kcal/hr -100,980
Kq males air to cooler exit 104.4 Dilution atr to stack, kg/hr: 16958, TOTAL 651,316
Kg moles, all gases, to BH 235.2 Total gas to stack, kgMoles/hr 832. Burner Kcal 1,423,334
ACMH to BH, TOTAL 7595. Total ACFIM into stack 12888,  [Efficiency _ 45,83
Atomic Total Total mt  [O2 released by redn., mt; 0.0000 =
Weight Moles , SCFH air drawn inta furnace: 25,863
(inc. refractory) SCFM air drawn into furnace: 431
Eoe
PbO 223 0.00812 1.812 :
Pb" 207 0.04594 9.510
C*, non-gas 12 0.05450 0.654
co2 44 0.00161 0.071
Fe* 55.8 0.00334 0.187
FeO 71.8 0.00139 0.100
503 80 0.00233 0.186
S 32 0.00357 0.114
Na(K)20 62 0.00459 0.285
5i02 60 0.01955% 1,173
Ca(Ba)0 56 0.00110 0.062
MaO 40.3 0.00224 0.090
Cr203 152 000010 0.015
Al1203 102 0.00065 0.067
NaC1 585 0.00229 0.134
sno 135 0.00038 0.052
Sb203 291° 0.00074 0.215
H20frCb 18 0.00026 0.005
In0 81.4 0.00025 0.021
502 64.0 0.00000 0.000
02 32.0 0.01753 0.561
CuQ 795 0.00073 0.058
Sum: 017123 15,370
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates 2nd and 3rd Hr After Charge Door is Closed.

Weight £ P. Cake Plates MMdust MMDrs Ceke Fe Chip Air  Oxygen lenox NilerDs Silica  Anzon NatGas
Pbo 429% 19.0%8 353% 00% 002 00%Z O000% 000% 4018 100% 0008 7118 003
Pb° 8.0% 732% 00% 873% 008 00% 0008 0008 00% 61.2% 008 00%F 0.00%
c* 12.008 1.50%8 0008 23% 922% 3008 0008 0.00% 003 050% 0008 2218 75003
€02 6008 0.00% 0.00% 0008 000% 0008 0O00% 0008 00% 0002 0008 000F O0.00%
fe® 0.008 0©0.1% 0.00% 000% 0.00% 8250% 0.00% 0.00% 003 0008 0008 0038 0.00%
FeQ 2808 0.1% 0508 0508 029% 12008 000% 0008 09% 0508 0308 008 0003
503 1.008 20% 120% 0008 000% 0.00% 000% 000 003 0.00% 0008 4.08 0.00%
5 0.002 0008 0.00% 1.70% S50% 0.00% 0008 0008 03% 150% 000% 0003 O0.00%
Na(K)20 1.10% 0008 3508 2008 0.10% 0.00%8 000% 000% 358 7308 001% 000% 0003
5102 11.00% 1008 0508 1508 1508 250% 000% 0008 360% 0508 99.6% 099% 0003
Cca(Ba)0 150% 0.15% 0.10%8 0.60% 0.09% 0.00% 0.00% 000% 09038 5008 0008 1508 0.00%
g0 750% 000% 0108 002% 004% 000F% 0008 0008 0703 010%F 000% 000% ©C.00%
Cr203 1.10%8 0.008 0.13% 0022 0003 000 O000& 000% 0.00% 000E 0008 0008 O0.00%
A1203 500% 005% 0108 005S% 0.18% 000% 0008 0008 1613 0008 0.108 000% 0.00%
NaCl 0068 052% 10.0%Z 1002 0.10%8 0008 0008 0008 0268 0508 0008 0.35% 0.00%
5n0 0.01% 0102 250% 0608 000% 0.00% 0.00% 000% 0108 6008 0008 0008 000X
S5b203 0.028 2.30% 1502 1.20% 0.00% 0008 0.00% 0.008 0.10% 650% 0008 0.00% 0.00%
Other 0.008 0002 0.00% 000% 000% 000% 0008 0008 0008 0008 0008 0.008 0.00%
In0 0.02% 0.00% 2008 020% 0008 O000% 0008 000%Z 1008 0208 0008 0.00% 0.00%
502 0.000% 0.000%8 0.000% 0.000% 0.000% 0.000% 0.008 0.008 0.000% 0.000% 0.000% 0.000% 0.000%
02 0.000% 0.000%Z 0.000% 0.000%8 0.000%& 0.000% 23.20% 100.0% 0.000% 0.0008 0.000%8 0.000% 0.000%
Cu0 0018 0008 025% 1008 0.00% 0.00% 0008 0008 O000% 0208 0.00% 000% 0.00%
H20XL 0,008 0002 000% 000% O000% O0.00%8 O000% 0008 0008 O0.00% 000% 000% 0.00%
co 0.000% 0.000% 0.000% 0.000% 0.000& 0.000% 0.00% 0002 0.000% 0.000% 0.000% 0.0003 0.000%
H2 0.000% 0.000% 0.000%8 0.000% 0.000% 0.0008 0008 0.00% 0.000% 0.0008 0.0008 0.000% 25.0%
N2 0.000% 0.000% 0.000% 0.000% 0.0008 0.000% 76.8% 00%& 0.000% 0.0060% 0.000% 0.000% 0.00%
Sum: 100.0% 100.0% 100.0%8 100028 100.0% 100.0% 100.08 100.08 100.0%8 10008 100.0%8 100.08 100.08
H20 Fr. 00% 00% ©OO0% 00O 00 003 052 00 00% 00% 003 00% 0.0%

P. Cake Plates MMdust MMDrs Coke Fe Chip Air Oxygen Lenox NiterDs Silica Anzon NatGas
OrigH20 3508 20% 102 308 30% 188 058 0.0%8 2308 308 20% 003 00X

T/23/91 4 N HAZEN RESEARCH, INC., Project 6911



1169 308f0ud “"INI 'HOYYISIH NIZVH g - S

16/€2/L

SEDIEN UOZUY UOL|1S SQJA}N X0ous] UabAXQ JIV  diU) 81 9%09 SJIGL 1SPPHLI Soield 939D 'd

00000 0000'0 00000 000600 00000 00000 2S200 00000 00000 0O000C 00000 00000 00000
#€10°0 00000 0C0O'0 0GO0'0 06000 00000 00000 Q0000 000G'0 GOOOO 000600 000060 00000
00000 0000°0 00000 00000 00000 00000 00000 CGOOO'C 00000 00000 00000 0000°0 00000
0000°0 00000 00000 00000 00000 00000 00000 0000C 00000 00000 00000 GOOO'0 000G0
00000 00000 00000 00000 00000 00000 00000 00000 00000 £L0O0O'G 00000 0000C 00000
0000°'C 00000 0000°C 00000 00000 L0100 89000 00000 00000 00000 OOOO0 00000 00000
00000 0000°0 00000 00000 00000 00000 00000 00000 0000°G OOOCO 00000 00000 00000
00000 00000 00000 00000 00000 00000 00000 00000 0000C 10OOC'O LO0G'O GOOO'0 00000
0000°0 00000 0000'G 00000 0000°C 00000 £000°0 00000 00000 00000 00000 GOOO'0 00000
0000°0 00000 00000 00000 00000 00000 00000 00000 00000 20000 00000 SO00'0 00000
0000'0 00000 00000 00000 00000 00000 00000 00000 00000 £0000 100060 GOOOO 00600
00000 00000 00000 00000 00000 00000 00000 00000 OCOOO OLOOO 8000°C SO000 00000
00000 00000 0000°C 00000 00000 00000 0000Q 00000 00000 00000 OGOO'O 00000 90000
00000 00000 0000°C 00000 00000 00000 00000 00000 COOOG O0OOO 0000'G GOOO'O 10000
00000 00000 0000°C 00000 00000 00000 00000 00000 00000 00000 GOOO'G GOOOD 220070
00000 00000 00000 00000 00000 00000 00000 00000 0000'C 90000 00000 20000 £000°0
00000 00000 LPLO0 00000 00000 00000 00000 {0000 10000C +1000 0000C OLOGO 220070
00000 0000°G 00000 00000 00000 00000 00000 00000 00000 8LO0O S2000 00000 20000
00000 00000 00000 00000 00000 0000'G 00000 00000 SO00°'0 02000 00000 00000 00000
0000°0 00000 00000 00000 00000 00000 00000 00000 0000C OO0DO L0000 SI100'0 10000
00000 0000'C Q0000 00000 00000 00000 00000 +0000 00000 +OODG 00000 10000 SO000Q
00000 00000 0OCD0'0 00000 00000 00000 00000 £¢000 0GO0O0'0 OOGOOD 0GOO0 1000C 006000
00000 00000 00000 00000 00000 00000 0000G 00000 00000 OOOOO 00000 00000 910070
£900°0 0000°0 00000 00000 00000 00000 00000 90000 9¢€00C 01100 00D0'C 9L000 81100
00000 0000°0 0000'0 00000 00000 00000 00000 0000'G 00000 1+#Z00 0G000C +1200 SO00Q
Q000°'C_0000°0_0000'0 00000 00000 00000 00000 00000 00000 00CO0_ /40000 1S00D ££000

SEOJON U0Zuy B3L{IS SGJalIN Xxoual uabAxg Jiy  diyd aj axo) SJAWKW ISNPHI S9leld ayed d

‘44 OZH

TX0ZH

onj

PAL

c0S

ou7

q0J440ZH

¢024qs

ous

10BN

pAITAN

£0240

0bL4

0(eg)ed

FA V13N

0Z{d)eN

S

£0S

034

«834

<00

ad

-dd

04d
591014

'paso}) St J00( 80Jel) JBly JH PJS PUB DUZ SBIEINUWINS JBUING 01 20 K00 Buisn $4S W-9°¢ §,[e18]. J8)sel




~ Master Metal's 3.6-m SRF Using 1008 02 to Burner: Simulates 2nd and 3rd Hr After Charge Door is Closed.

ESTIMATE OF STACK EMISSIONS (FROM NEW BAGHOUSE) WHEN OPERATING THE 3.6-M ROTARY FURNACE,

and Summary of Resulis of Furnace and Flue Calculations

Drying Heltl ng Reducti on,
Operation time during each furnace charging cycle: Hr '''''''' 20 ''''''' Hr -
Initial temparature for drying, melting, or reduction: °F 590 °F

Temperature st finish of drying, melting, or reduction:

Btu/Hr

Natural gas firing rate:

Average off-gas tempsrature from the furnace: °F - 1796 °F

Natural gas consumed by the furnace: Ft3/Hr 5245 Ft3/Hr Ft3/Hr
Oxy en consumed by the furnace: Ft3/Hr 8953 Ft3/Hr

FA3/Hr |

Diluted flue gas to the stack

Flow rateenteringstack @ 95 °F ACFM 12,888 ACFM ACFM
Flow, DSCFM = 77°F @ 1 atm.. D3SCFM 11,746 DSCFM DSCFM
Moisture content of gas to stack: Yol 2 1.9% Yol % Yoid
Particulates to stack, grains/dscf: g/D3CF 0.0026 g/DSCF q/DSCF

302 to the stack: Lb/Hr 012  Lb/Hr Lb/Hr |

Emlssmns from Stack (Lb/Hr)

Tetrasthyl lead: *BOL  Lb/Hr *BDL  Lb/Hr *¥*BDL  Lb/Hr
Total chlorine expressed as chlor ide: Lh/Hr 0.016 Lb/Hr Lb/Hr
Lead as Pb: Lb/Hr 0.085 Lb/Hr Lb/Hr
Antimony as Sb: Lb/Hr 0.0032 Lb/Hr Lb/Hr
Arsenic as As: *%D  Lb/Hr *%|b  Lb/Hr ®*%|1D  Lb/Hr
Barium as Ba: Lb/Hr <0.01 Lb/Hr Lb/Hr
3ilver as AgQ: Lb/Hr <0.01 Lb/Hr Lb/Hr
Cadmium as Cd: Lb/Hr <D.01  Lb/Hr Lb/Hr
Chromium as Cr Lb/Hr 0.0002 Lb/Hr Lb/Hr

Mercury, thallium, and beryllium:  *%*NIF i x*¥*NIF **®ENIF
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Master Metal's 3.6~ SRF Using 100% 02 to Burner: Simulates 2nd and 3rd Hr After Charge Door is Closed.

mt _Bullion Mat+Slag_Dust Out
PbO 0.00000 1.81183 /5857
Pb° 9.26265 0.00000  0.00000
c- 0.00000 061204 0.00000
€02 0.00000 0.00000 Q65849
Fe® 0.00000 0.00000 0.00000
FeO 0.00000 0.33805 0.00224
503 0.00000 G.00000 Q05378
S 0.00000 0.16715  0.00000
Na20 0.00000 1.05556 0.15707
5i02 0.00000 1.17083 0.00224
Ca0 0.00000 0.06132 0.00045
Mgo 0.00000 0.08966 0.00045
Cr203 0.00000 0.01411 0.000%8
Al1203 0.00000 0.06625 0.00045
NaC1 0.00000 0.09744 0.04488
5n0 0.00000 0.04046 0.01122
Sb203 0.00000 020779 0.00673
HZ20FrCb 0.00000 0.00000 0.000Q0
In0 0.00000 001167 0.00898
502 0.00000 0.00000 @oocos
02 0.00000 0.00000 Qoo
Cu0 0.00000 0.05728 0.00112
H20XL. 0.00000 0.00000 0.00000
co 0.00000 0.00000 0.00000
H2 0.00000 0.00000 0.00000
NZ 0.00000 __0.00000 _0.00000
Sum: 9.3626 5.8014 | 1.107267
Bullion Mat+5lag | Dust Out
sy 1107267 £
Check |

mt
PbO
Ph-
c-
Cc02
Fe®
FeQ
S03
S
Na(K)20
5i02
Ca(Ba)0
Mg0
cr203
Al203
MaCl
Sn0
5h203
H20FrCh
Zn0
502
02
Cul
H20XL
co
H2
N2
Sum:

All mt In AlIl mt OutiMoleChecks| At. Wt.
1.81183 1.97034 | 0.054066 223 Pbo
950978 9.36265 | 0.054066 207 Pb"
0.73447 061204 | 0.933348 12 c*
0.72921 1.17814 [ 0.933348 44 Cc02
0.18665 0.00000 | 0.00474 558 Fe®
010013  0.34030 | 0.00474 71.8 Fel
0.18648 0.05378 | 0.005897 80 303
0.11410 0.16715 | 0.005897 32 S
1.21263  1.21263 |RefrConsum 62 Na(K)20
1.17308 1.17308 | 0.00000 60 5102
0.06176 0.06176 { 0.00000 56 Ca{Ba)o
0.09011 0.09011 | 0.00000 40.3 g0
0.01469 0.01469 | 0.00000 152 Cr203
0.06670 0.06670 | 0.00000 102 Al203
0.14232  0.14232 | 0.00000 58.5 NaCl
0.05168 0.05168 Sulfide 135 Sn0
0.21452 0.21452 339.0 291 5b203
0.00469 0.24611 Atomic 18 H20FrCb
0.02064 (0.02064 97.4 81.4 In0
0.00000 0.00006 Weights 64 502
0.56081 0.03440 86.9 32 02
0.05840 0.05840 1590 795 Cul
0.00000 Q.00000 18 H20XL
0.00000 0.00000 28.00 Co
0.62682 (0.00000 H2Z
0.71984 (.71984 N2
[17.79136 17.79135
CHECK ]
=] 02Mole X
1.35951
1.359499
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lates Znd and 3rd Hr After Charge Door is Closed.

Simu

Master Metal's 3.6-m SRF Using 100% 02 to Burner
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Stmulates 2nd and 3rd Hr After Charge Door is Closed.

Total In Total Qut mt At. Wt. m3/tmole
1.8118 1.9703 (PbMoleSum 223 2593 |PbO
9.5098 93626 |11.1916 207 3234 |Pb”
0.7345 06120 | 11.1916 12 533 |C*
0.7292 1.1781 | Fe&Sm.s. 44 0.00 |CO2
0.1866 0.0000 | 0.00474 55.8 1468 {Fe*®
0.1001 0.3403 | 0.00474 71.8 15.28 |Fel
0.1865 0.0538 [ 0.00590 80 503
0.1141 0.1672 |0.00590 32 16.00 |5
1.2126 1.2126 | Refractory 62 31.00 jNa(K)20
1.1731 1.1731 | 0.00000 60 27.27 |S5i02
0.0618 0.0618 | 0.00000 56 18.67 |[Ca{Ba)0
0.0901 0.0901 0.00000 40.3 12.21 |Mg0
0.0147 0.0147 | 0.00000 152 2455 [ICr203
0.0667 0.0667 |{0.00000 102 31.88 |AI203
0.1423 0.1423 | 0.00000 58.5 34.41 |NaCl
2 0.0517 0.0517 | C moleSum 135 2093 |Sn0O
15b203 0.2145 0.2145 | 0.07778 291 55.96 |[S5b203
H20FrCb 0.0047 0.2461 10.07778 18 .00 H20FrCh
3200 0.0206 0.0206 | HwtSum 81.4 14.88 |Zn0
11502 0.0000 $.0001 | 0.02735 64 502
102 0.5608 0.0344 |0.02735 32 02
Cu0 0.0584 0.0584 | OwtSum 79.5 12.42 |Cu0
FH20XL 0.0000 0.0000 | 1.35950 18 H20XL
4C0 0.0000 0.0000 | 1.35951 28.0 Co
q{H2 0.0268 £0.0000 Check? 2.0 HZ2
IN2 0.7198 £$.7198 28.0 N2
3 Sum: 12,7914 17.7914 At wt.  m3/tmole
: mt In mt Qut
|g/cc-ft3/1b  62.42

1/23/91 9 ) HAZEN RESEARCH, INC., Project 6911



7/24/91

Master Metal's 3.6—m SRF Using 1003 02 to Burner: Simulates 2nd and 3rd Hr After Charge Door is Closed.

Boundary Conditions for Operating H fusion Fusion
the Short Rotary Furnace kcal/kgmole Keal/br
PhO 6570 53380.0
Dust recycle rate, dry mt/hr 0.45 Pb*° 1150 528321
Calculated Natl. Gas Kcal/hr Input 1,423,331 C
Calculated Natl. Gas used, mt/hr 0.107 Cco2
Calculated Natl. Gas used, kg/hr 107, 30 FeS 7730 25856.0
Feo 7500 10459.8
Natl. Gas heat content {net), kcal/kg 13,265 503
Natl. Gas density, Ib/ft3 @ STP 0.044
Fuel heat capacity, kgeal/kg°C 0.55 Ma( K )20 11400 52358.7
Natl. Gas density, kg/m3 @ STP 1.44 5102 2600 50833.3
Fuel temperature, C 7 Ca( Ba)o 12200 13455.9
Air temperatures, C 7 Mg 18500 413658
Cr203 4000 386.6
Al203 25700 16805.9
Solids feed conc. temperature, C 7 NaCl 6700 15373.4
Return dust temperature, C 7 Sn0 6000 2296.7
Offgas temperature, C 785 Sb203 13300 9804.7
Final solids temperature,*C 785 Cu0 13580 9976.1
n0 4500 1141.2
Stolr. axygen for fuel, kg dry/kqg fusl 4,00 sSum = 141430, 356,326
% excess oxygen for natural gas ~-0.20
Air inteakage to furnace, mt/hr 0.94 Chemica! Reactions
kecal/kg of:
PbO + 1/2C =Pb® + 1/2C02 245 Pb°
Atornizing steam, kcal /kg 0.00 PbS + NaZ20 = Na2s + 1/202 139.3 PbS
Alarnizing steam, kg/kg fusl 0.00 Fe* + PbS = FeS + Pb° 21.3 Fe®
PbS + Fe0 = FeS +Pb0 145.7 FeS
Sum H20 in furnace solids, mt/hr 0.00 PbOS0O3 + Na20 = NaZS +Pb0 + 202 2276.9 Naz2$
Moisture in air&02&Gas, mt /hr Q.00 Na2C03 = Na20 + CO2 725.0 Na2C03
Total maisture ta plant, mt/hr 0.Q0
Furnace shell temperature, F 425
Furnace (small) shell area, m2 57.65 lLarge= €< -
Heat loss, kiln shell & daor, keal/br 96,507 |
10 HAZEN RESEARCH, INC., Project 6911




Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates 2nd and 3rd Hr After Charge Door is Closed.

7/23/91

22 DrssProdmt  Dross, & Normalized
0.00000 8.000% Silicate PbO:PBS
0.00000 86.118% Fraction Pb*
0.06000 0.000% i.e., Slag Assay c*
0.00000 0.000% co2
0.00000 0.000%8 31% A1203+Cr203{Fe" ;FeS
0.00000 0.000% 10.9% Fed Fel
0.00000 0.000% - S03
0.00000 50008 - S5;Na23
0.06000 0.000% 41.1% Na20 Na(K)20
0.006000 0.0008% 45 0% 5i02 5i02
0.00000 0.000% 100.0%8 TOTAL Ca(Ba)0
0.00000 0.000% MgOo
0.00000 0.000% {Sulfur Balance{mt or £)|Cr203
0.00000 0.000% Heat S Inas S 0.1887 AI203
0.00000 0.000% Heat SQutas 3 0.1887 NaCl
0.00000 0.140% Heat 502 as 5;  0.000189 |5n0
0.00000 0.583% SDross( Heat ) 0.0000 Sh203
0.00000 0.000% Ssilicate{ Heat' 0.1138 H20FrCh
0.00000 0.000% |Smatte(Hesat): 0.0534 InC
0.00000 0.000% S in dust=Heat 0.0216 302
0.00000 0.000% S out by addn 0.1889
0.00000 0.159%
0.00000 0.000%
0.00000 0.000% [ lueGasht/hr
0.00000 0.000% =
0.00000 0.000% Wt % 5027 0. OOOO%

0.00000

100.0%

Sulfur Pool= 0.04404
Oxygen Pool=  ~6.29128
FeSvsNa2Smat S0.0%

0.63538

.NaQO pool=

502 exit/hr, Short Tons
=1 this furnace:  0.0000672
S02 exit/yr, st/yr
all furnaces: 0.42
FofSasSilicate 60.3%

& of 5 asMatte 28.3%

% of SasDross

% of S as Dust 11.5%8
4 & of S as Gas 0.10%

Total ®=Check |

1002
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Master Metal's 3.6-m SRF Using 1008 02 to Burner: Simulates 2nd and 3rd Hr After Charge Door is Closed.

mt of CO2= 0.658

0 from PbO= 0.000 but not dust.
O for Fe= 0.000 but not dust.

(0 form 503= 0.000 but not dust.

0 from Sn0= 0.0000 but not dust.
0 from3b203= 0.0000 but not dust.

C from Zn0= 0.0000 but not dust. |FeOMoleFract.
O from CuC= 0.0000 but not dust. .07

0 for Si in Fe® 0.0000 C02/Cowt.=R 1000.00
mt eq CO2 in= 0.6585 1.27R + 1= 1271.0000

(CO2-x)/1.27x=C02/C0 wt=R
(C02-%)=1.27Rx
€02 decomposed =1.27Rx + x = x{ 1.27R+ 1))
x= 0.001 mt CO2 decomposed
1.27x= 0.001 mt CO evolved from malt.
CO2-x= 0.658 mt CO2 evolved from melt.
0.000 mt Carhon needed for ahove.

0.370 mtC
0.612 mt carbon for slag: (inc. H2)
0.34

mi_

o,

20.%8 Excess Coke

7723791 1L ‘ HAZEN RESEARCH, INC., Project 6911



Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates 2nd and 3rd Hr After Charge Doar is Closed.

Density
11.30 PbhO
Pb*®

1A1203
3n® NaCl
6.60 Sno

6.40 3b203
Sb® H20FrCb

Iin0
502
Cu® 02

Cul

mt 02 Qut w35/ 73tes5/a7 mt 02 In

jNa(K)20
15i02
iCa(Ba)oO
iMg0

1Cr 203

H20XL

Oxygen Qut=

hm3 of Bullion:

m3 of Slag:
m3 of Dross:

m3 in Charge:

....................................
------------------------------------------------------------

FreshBrekiM3

WornBrickM3

Effective Furn. Yelume
with New Brick

vs with Worn Brick

0.14137 Q27068 0.13000 |PbO
0.00000 O 00000 0.060000 |Pb"
0.00000 2P7202 0.00000 |C*
0.85683 & 2000 0.53033 |C02
0.00000 O Q0000 0.00000 |Fe*
0.07583 QazIex 0.02231 |Fe0
0.03227 £ 02002030 0.11189 [S03
0.00000 Q8358 0.00000 |S
0.31294 252778 0.31294 |Na(K)20
0.62564 053250 0.62564 |5i02
0.0176S 0 O7044 0.01765 {Ca(Ba)0
0.03578 Qo277 0.03578 [Mg0
0.00464 o052/ 0.00464 |Cr203
0.03139 0 a2070 0.03139 {A1203
0.00000 Qo573 0.00000 [MNaCl
0.00612 OO0627 0.00612 {5n0
0.03539 (2396 0.03539 [Sh203
0.21460 & 00000 0.00000 |H20Frlb
0.00406 Q00713 0.00406 |Zn0
0.00003 Q Q2000 0.00000 |S502
0.03441 2 a0000 0.56081 102
0.01175 Q0835 0.0117% |Cu0
0.00000 O 290020 0.00000 |H20XL
Q.00000 & QA000 0.00000 |CO
0.00000 O 20 0.00000 |H2
0.00000 & 200077 0.00000 N2

2.44069 7. 85433 2.44069 <- Oxygen in

St F M3 ) Oxygen In |

7/23/91

12

HAZEN RESEARCH, INC., Project 6911




Master Metal’s 3.6-rm SRF Using 100% 02 to Burner: Simulates Znd and 3rd Hr After Charge Door is Closed.

Heat Capacity Calc., kcal/kg

Mass Basis Heat Inputs

Mass Basis Heat Output

Tt,C= 310 for solids mt/hr kcal/hr mt/hr kcal/hr
12,C= 785 for solids Fuel Combustion 1,423,331 |Sensible Heats:
Average Feed 0.180 4.3235E-05 0.107
Steam forAtomization 0 CO2 exhaust dry gas 131,363
C02 253 0.00 0.52
keal/kg Cake Combustion: 100,980 CO exhaust dry gas 0
Co 257 0.0131 : 0.00
Sensible Heats; 02 exhaust dry gas 8,039
Dust recy. 0.184 0.0000838 0.03
Dry furnace feedstocks 408,909 N2 exhaust dry gas 184,035
T1,C= 25. for gases 7.97 0.72
T2,C= 980. for gases bry dust recycle 11,767 502 exhaust dry gas 10
0.22 0.00006
Natural gas 416 Solids in Charge 1,289,479
0.107 ( heated/hr) 7.97
Gas combystion oxygen 562 Dry dust in offgas 34,739
0.34 0.18
Total air into furnace 1,535 Slaq discharge is zero 0
0.94 0.00
kcal/kg HZ0 in all input gases 33 H20 from all input gases 2,289
02 234 0.005 0.005
502 179 Free H20 in solid feeds 0 Free H20 in solid feeds 0
0.00 0.00
Air 0.234 0.0000173 {FeS-fe*&FeQd Formation aH 0
H20 vapor 489 Sensible Heat |HaZSfrom PbS 0 H20 from combustion 117,941
kecal /kg Ma25from 503 0 0.24
N2 256 Na20-Naz2C03 " 0 H20 from atomization steam o
Pb® from Pb0 " 0 0.00
H20 Yaporize 598 Refractory dissolved: 0] H20 from solid Rx product: 0
Heat of boiling 0.0000 0.00
Heats of fusion and vaparization:
Fusion -55,134
Yaporization=already in aH 0 Shell+Door +Refr heat losses 124,504
Total Heat {nput, kcal/hr 1,892 399 | Tolal Heat Out, kcal/hr: 1,892.399

1/24/91
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Master Metal's 3.6~m SRF Using 100% 02 to Burner: Simulates 2nd and 3rd Hr After Charge Door is Closed.

PbO
C
co2

FeQ

Na2s
Na({K)20
Si0Z2
Ca(Ba)0
Mqg0
Cr203
Al1203
NaCi

Sno
50203
H20FrCh
n0

502

02

CuQ

TOTAL SLAG

Slag Wi, mt Matte Wi mt

1.81183 0.00000
0.00000 0.00000
0.61204 0.00000
0.00000 0.00000
0.00000 0.06041
0.28261 0.00604
0.00000 0.00000
0.27734 0.05367
0.79245 0.00000
1.17066 0.00018
0.06131 0.00001
0.0896% 0.00001
0.01411 0.00000
0.06624 0.00001
0.09695 0.00050
0.03986 0.00060
020612 0.00195
0.00000 0.00000
0.01133 0.00041
0.00000 0.00000
0.00000 0.00000
0.01430 0.04298
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
5.54678 016677

alag Wt mt Matte Wt mt

Pbs
C

co2
Fe$S
Fed

Naz2$s

5i02
Ca{Ba)0
Mg0
Cr203
A1203
NaCl
Cd0
Sbh233
H20FrCh
InS
502

02
Cuz$

TOTAL Matte

10.7%8
0.0%

0.00
5.0%
2.03%

0.005
0.005
0.005
0.005
0.005
0.17
0.50
0.27

1.00

100.00

% fixed C in matte + slag.

is PbS in Matte

is Matte + Slag factor kg Pb loss/mt bullion.
i (matte/slag) concentration ratio for coke
isthe & Ma23 in slag

is the percent sulfur in slag.

is { matte/slag) concentration ratio for silica

is ( matte/slag) concentration ratio for lime

is ( matta/slag) concentration ratio for magnesia
is (matte/slag) concentration ratio for chromia
is (matte/slag) concentration ratio for alumina
is { matte/slag) concentration ratio for chloride
is { matte/slag) concentration ratio for tin

is ( matte/slag) concentration ratio for antimony

is (matte/slag) concentration ratio for Zn

is (matts/slag) concentration ratio for Cu

—
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulates 2nd and 3rd Hr After Charge Door is Closed.

Calculation of Slag Yiscosity

Wt 2 Weight MoleFrac.Slag MoleNonf1atie

|PbO 38.0% 1.81 0.1479 0.00812

eSS i Pb 0.0% 0.00 0.0000 0.00000

""" f 3 2 0.0% 0.00 0.0000 0.00000

: 1C02 0.0% 0.00 0.0000 0.00000

b tiFe* 0.0% 0.00 0.0000 0.00000

"""" 1Fe0 5.9% 0.28 0.0716 0.00394

1503 0.03 0.00 0.0000 0.00000

TNa2Ss 2.4% 0.11 0.0647 0.00356

tNa( K)20 16.6% 0.79 0.2326 0.01278

15102 245% 1.17 0.3551 0.01951

Ca(Ba)0 1.3% 0.06 0.0199 0.00109

Mg0 1.98 0.09 0.0405 0.00222

1Cr203 0.32% 0.01 0.0017 0.00009

1A1203 1.4% 0.07 0.0118 0.00065

TNaC1 2038 0.10 0.0302 0.00166

Sn0 0.8% 0.04 0.0054 0.00030

Sh203 43% 0.21 0.0129 0.00071

Cther 0.0% 0.00 0.0000 0.00000

mo 0.2% 0.01 0.0025 0.00014

502 0.0%8 0.00 0.0000 0.00000

02 0.0% 0.00 0.0000 0.00000

Cud 0.3% 0.01 0.0033 0.00018

H20XL 0.0% 0.00 0.0000 0.00000

Co 0.0% 0.00 0.0000 0.00000

H2? 0.0% 0.00 0.0000 0.00000

0.0% 0.00 0.0000 0.00000
100.00% 477 1.0000 0.05495 i
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- Master Metal’s 3.6-m SRF Using 100% 02 to Burner: Simulates Znd and 3rd Hr After Charge Door is Closed.

i 100 Start-up controller |
mperature heat capacilies

Calculation of thé low—-t{e

A Te-T1 B T2sq- Tlsg 1/12-1/T1

25 1.05E-03 1.43E+04 206E+05  -3.07E-04

25 9.53E-04 1.43E+ 04 6.20E+03 -3.07E-04

Sb406 vap.

02
302

H20 vapor

1.69E-03

5.00E-04
9.40E-04

1.23E-03

4.50E~04

1.43E+04

|.43E€+04
1.43E+04

1.42E+04

1.43E +04

8.30E+05

4.00E+04
1.84E+05

0.00E+00

1.20E+04.

~-3.07E-04

-3.07E-04
-3.07E-04

-3.07E-04

~3.076-04

7723791
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: >imulates Znd and 3rd Hr After Charge Door is Closed.

Calculation of high~temperature heal‘capaciti'es, kcal{kg

Low-Temp. Heat Capacities:

T1,°C= 0
A 12-T11 B T2sq-Tlsq C 1/T2=-1/T1 12,°C= 25
Heat Capac.
Kcal/kg
co2 10.57 955 1.05E-03 1.48E+06 2.06E+05 -2.6E-03 o2 4.91E+00
Co 6.708 955 5.53E-04 1.48E+06 6.20E+03 -2.6E-03 Co 6.20E+00
2 mass for input heat calc:
Z mass for outputput heat calc
Z mass in from material batl:
$b406 vapor $2.016 955 1.69E-03 1.48E+06 8.30E+05 ~26E~-03 | 5b203 vapor  1.83E+00
02 7.16 955 5.00E-04 1.48E+06 4.00t+04 -2.6E-03 02 5.43E+00
502 11.04 955 9.40E-04 1.48E+06 1.84E+05 -2.6E-03 S02 2.64E+00
H20 vapor 7.3 955 1.23E-03 1.48E+06 0.00E+00 -2.6E-03 H20 vapor 1.11E+01
N2 6.83 95% 4.50E-04 1.48E+06 1.20E+04 -2.56E-03 N2 6.20E+00
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulate Hrs 4 to 6 After Charage Door is Closed { Complete the Reduction)

furnace: Old (3.6-m)|Pb° in Bulln, mt 11.5% CHRARGE Bullion Slag Only Matie Only
Date: 23-Jul-91 |Pbin Feed, mi 11.76 CVELE PbO 2.0%
FinalChargeT® 9295 degC |Pb in slag, mt 0.065 IS FIRST Pb",PbS 100.0% 7.0%
Parameters Pbin Dust, mt 015 FEERL LR XK c* 4.1% 82%
to Check Pb,DrossFloat,mt 0.00 TIME 1S co2 0.0% 0.08
Slag Fe0 = 958 Bullion, mt 11.55% PURING FeS 2338
Target = 10 to 1SE[{PbToBulln&Drose  DE8.23Z HRS 4-5-6 Fe0 7.3% 3.3%
Basicity = 1.13 Balanced if small -5 80E-08 F S
Target = 1.1 to 1.4 |SilicatePhase, mt .44 e Na2$ S.0% 29.6%
Yiscosity = 30 Matte Phase, mi 0.36 CXWIPLEFTE Na{K)20 24.6%
Target = 10 to 40 |Soda/br to flue 0.04% REDLCTION Si02 36.8% 0.2%
=z Dust, & of feed 29% KRNI X Ca(Ba)0 21% 00138
(Si+Al)/Na = 1.4 Molds Qutput--> 8.2 £.3 MgO 4.0% 0.02%
Feed(Scoops) DryFeed,1b DryFeedMt/hr Assay of Sloeg, £ Cr203 0.6% 0.00%
P.CakeTEL(2) 4000, 1.81 Ph 2.3% A1203 2.9% 0018
MM Plate(6) 13600. 6.17 c 4.5% NaCi 29% 05%
Dust In(2) 1000. 0.45 FeQ 952 sSn*, $nG 0.0% 1.2% 0.6%
MM Dross(6)  13000. $.89 S 45% 5b°,56253 0.0% 6.0% 1.9%
Coke(1/2) 700. 0.32 Na20 28.1% Other 0.0% 0.0%
FeChips(0.35) S00. 0.23 S5i02 33.3% fn0.7nS 03% 0.4%
Total Air In 1842, 0.83 Ca(Ba)0 1.9% Other 0.0% 0.0%
0Z to Burner 751. 0.34 Mg0 3.6% Other 0.0%8 0.0%
Lenox{0) 0. 0.00 Cr203 0.6% Cu,Cu2S 0.0%8 0.2% 15.0%8
NiterDross( Q) 0. 0.00 Al203 2.6% TOTAL 100.0%8 100.0%8 100.0%
Glass Send(2)  2000. 0.91 NaCl 2.6%
Anzon(0) 0. 0.0 Sn0 1.0%2 MaCr Brick, kg/hr per % of S fixed: 99.90%
Natural Gas 234.7 0.106 Sb203 4.2% mt Bullion 0.0 Coke in matte
TOTAL 37628. 17.05 Other 0.0% A1203 Brick, Kg/hr per + slag, & 4.5%
Flux Summary In0 0.3% mt Bullion 0.3 "Slag” Basicity 1.13
Soda(2+BH) 3500. 1.586 Other 0.0% Mat.FeS/Na23 0.50 Distribution Factors
Sand (1.5) 2000. 0.907 Other 0.0% Mat.FeQ Contr. 10 Sn(Bultion): 0.00
FeChip(.25) 500. 0.227 Cul i.6%3 % Excess Coke 20,08 Sh(Bullion): 0.00
Coke (0.5) 700. 0.317 PbToSitic., mt 0.070 Cu(Bullion): Q.00
Comments:; Reduction is completed over a 2-hr period. Yiscosity of the silicate slag, |DrossRecycle: 0.00

The decomposition of soda ash is very endothermic.

_ Poise;
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Master Metal's 3.6-m SEF Using 1008 02 to Burner: Simuiate Hrs 4 to 6 After Charge Door is Closed ( Complete the Reduction)

Gas firing rate: Summary of Heat Losses, Keal/hr Approx. st S02 vented from  jEstimated aT drop due to heat |
Kcal/hr 1,411,292 During 3rd part of 1st charge cycle | plant per yr .43 loss when gas passes through
Btu/hr 5,600,008 | Loss through furnace walls 127,638 |SCFMtoStack: 16064, | the knockout tanks prior to

Kg Nat. Gas/hr 106.4 Heat to refractory from system 21,617 initial dilutn. 167 degC

Lb NG/hr 2347 Radiant heat loss thru closed door 7,704 Gas Temp. exiting ACFM from

Z Tonge02Use 100. 8 j5um of heat losses: 156,960 stack: 35 degC the furnace: 4,306

RExC.02->NG ~-203 Initial T°C of refractory (Ave.) 735 degC  {Gas Temp. exiting convective [SCFM from

Ave. Offges T°C_1180 deqC|Final T°C of refractory (Ave.) 750 degC cooler: 345 degC the furnace: 848

P, inch H20 0.25 Coke Conlent of Oxide Component: 4.5% Gas Temp. exiting convective |ACFM to BH: 5,995

Shell, T°F 500 degk  |Furnace area in use, m2 97.7 coolar: 195 degC_ |SCFM to BH: 4,539

Tramp Air in Through the | Temperature of bag house: 105 degC | Matte/slag concentration ratio for coks:

Door, kg/hr: 835, PblInSilicatePhaseGfEmulsion,mt 0.070 SCFM moisture to stack: 242

Percant of Dust Exiting FhL inMatie phase of Emulsion, %: 7.0%8 Coke Calculated via total heat? [ndirectly. 700.
Per Hour 16.7% Hrs of 1st Cycle Furnace Qffgas Portion of excess coke burned, /hr? 17.%

Percent of Charge Fused CycleDoorClosed | VYolume B Undiluted [ ey
Per Hour 12.8 6.0 02: 3.5% Number of Hrs in this period: 3.00

Percent of Charge Reduced | Total Hrs Burner NZ2: 38.7% Soda ash C02 still in solids? No G.0%
Per Hour 25. 2 H20: 23.08%8 Soda ash CO2 to gas vent? Yes 100.0%

Stoic. Pure 02 for Natural C02: 34.9% Coke heat input, Kcal/hr
Gas, kg/hr 425.6 Co: 0.0% System’s heat gain fram refractory, Kcal/hr

Stoic, Pure 02 for solid C-> S502: 0.000346 & |Heat lost to furnace offgas & dust, Kcal/hr
02, Ka/hr sum= 100.00% |Heat to furnace charge from burner, Kcal/hr

361.4 Furnace 0ffgas Heat lost from walls and door, Kcal /hr

Initial Temperature mk/hr Sum of heats of reaction and fusion:
of Charge: 785 degC | 02: 0.07 Air drawn into furnece via door, SCFM 382

Final Temperature SRR 3 N2: 0.64 FurnaceGas,kg 1853, Gas Yolume to Baghouse,
of Charge: 925 degC H20: 0.24 © " " kgMole 59.0 ACMH = 10,186

{harge Moisture Removed: 0.0% C02: 0.91 v/0C02 diluted 1.84% Sn(Bullion): 0.00

Dffgas volume at average furnace temperature: CO: 0.0000 From Stack Sbh({Bullion): 0.00

7,317 ACMH S02: 0.0000 |[v/0502 diluted 0.00002% {Cu(Bullion): 0.00

Dilution air to cooler, kg/hr 2.360 sum= 1.8528 | EFFICIENCY OF HEAT UTILIZATION, 2

Dilutn. air to cooler, ACMH 6,152 Space between door and furnac 0.39 Calculated Eff. 42%

Total ACMH intg cooler 13,469 Startcuptontrolar- ot Tota S it s sy Target effic. 40%

Comments: 302, &/hr 3.3% BH, ACFM 5,995

Mote that the exit gas temperature is the average during the period. Lb S02/Hr |S02evoln. hrs{Press., mm: 730

Apparent offgas temperature is low, due to large endothermic reactions 0.022 3.0 Ambient, deqgC: 7
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Master Mstal's 3.6-m SRF Using 1008 02 to Burner: Simulate Hrs 4 to 6 After Charge Door is Closed { Complete the Reduction)

( reduction & Na2C03 decomposition) depressing rate of charge temperature increase. Efficiency
Kg moles of gas from furnace 592.0 Oxide Slag mt 6.399 Kcal to solids 275,034
Kg moles air cooler entry 1165 345 degC  {C with Oxide 0.696 Kcal to redn. & fusion 439,718
Kag moles gas into cooler 175.5 195 deqC | BC in Oxide 0.109 Kcal to H20 evaporation 0
Air 1o cooler exit, kg/hr 4038. 105 degC |G Burnt, mt 0.049 Kcal from coke excess -125,666
Air to cooler exit, ACMH 4521. > in dust, mt 0.000
Kg moles air to cooler exit 140.0 Dilution air to stack, kg/hr: 22745, TOTAL 589,086
Kg moles, all gases, to BH 3155 Total gas to stack, kglfoles/hr 1116, Burner Kcal 1,411,292
ACMH to BH, TOTAL 10186. Total ACFM into stack 17285. Efficiency 41.7%
Atomic Total Total mt 02 released by redn., mt: 0.1461
Weight Moles SCFH air drawn into furnace. 22,924
(inc. refractory) SCFM air drawn into furnace: 382
Pbo 223 0.00946 2.109
Pb° 207 0.04737 9.805
C®, non—gas 12 0.06208 0.745
€02 44 0.00247 0,109
Fe® 55.8 0.00341 0.190
FeO 71.8 0.00166 0.120
503 80 0.00245 0.196
S 32 0.00368 0.118
Na(K)20 62 0.00479 0.297
5102 60 0.02111 1.267
Ca(Ba)0 56 0.00130 0.073
Mg 40.3 0.00342 0.138
Ccr203 152 0.00014 0.022
Al1203 102 0.00099 0.101
MaCl 58.5 0.00235 0.137
sng 135 0.00039 0.053
5b203 291 0.00075 0.220
H20FrChb 18 0.00023 0.004
InG 81.4 0.00026 0.021
502 64.0 0.00000 0.000
02 32.0 0.01666 0.533
Cul 79.5 0.00076 0.060
Sum: 0.18573 16.316
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(aster Metal's 3.6-m SRF Using 100% 02 to Burner:

Simulate Hrs 4 to 6 After Charge Door is Closed { Complete the Reduction)

Weight 2 P. Cake Plates MMdust MMDrs Coke Fe Chip Air _ Oxygen !enox NiterDs Silica Anzon NatGas
PbO 429% 190% 353% 00% 0.0% 00% 0002 000Z 401% 10.0% 0008 71.1% 00%
Pb" 830% 7328 00% 873% 00% 00% 000% O000F 008 6128 0.0% 0.08 0.00%
c* 12008 1.50% 0008 23% 922% 300% 0008 0008 00% 050% 0008 2218 7500%
coz 600% 0.008 0008 0008 0008 0008 O0O0DE 0002 00% 000% 0008 0.00% 0.00%
Fe® DCOE 01% 0.00% 000% 000% 8250% 000F 0003 008 000% 0008 008 0003
FeO 2808 01% 050% 0508 029% 12008 000 000% 09% 050% 0308 00% 0008
S03 1.008 20% 1208 000% 000% 000% 000% 000 00% 0008 0008 40% 0.00%
S 06.00% 000% 000% 1.70% 5S50% O000% 000 000% 03 1508 0008 O000% 0.00%
Na(K)20 1.10% 000% 3508 2008 010% O000% 000% O000% 358 730% 0018 000% 0.008%
5i02 11.00Z 1008 050% 1.50%8 150% 250% O00% O000% 360% 050% 996% 099% 0.00%
Ca(Ba)0 150% 0.158 0.10% 060% 009% 0.008 000% 0008 090% 5008 0.00% 1508 0.00%
Ma0 7.50%8 0.00% 0.10% 0028 004% 0.00% O000F 0008 0708 0108 0008 000% 0008
Cr203 1.108 0008 0.13% 0.02% 000% 000% 000% 000% O000% 0008 0008 O000% 0.00%
Al203 SO00%8 O005Z 0.10%8 0058 0.18% 0008 000% 000% 1618 000 0108 000% 0.00%
NaCl 0D.06% O052% 1008 1.008 0108 000 OO00% 000%F 0268 0508 0008 035% 0.00%
Sn0 0018 0.10%8 2S50% O060F O00% 000% OCOE O000% 0108 6.00% 0008 000% O000%
Sh203 0.02%8 230% 1508 1208 0008 000% O00% O000% 0108 650% 0008 0008 000X
Other 0.00% 0008 000% 000% 000% 000% O0C0E O000% O000% O0O00F 0008 0008 0.00%
In0 0.02% 000% 2008 0208 O000% O000% 000 O000% 100 020% 0008 000% 000%
502 G.000% 0.000% 0.000% 0.000% 0.000% 0.000% 000 0.00% 0.000% 0.000%F 0.000% 0.C00% 0.000%
02 0.000% 0.000% 0.000% 0.000% 0.000% 0.000% 23.20% 100.0% 0.000% 0.000% 0.000%8 0.000%F 0.000%
CuQ 0018 0008 0258 1008 000% 000% O0GCGOE O000% 0008 0208 0.008 0008 0.00%
H20XL 0.00%8 000% 0.008 0.008 0.00% 0008 OGO 0008 0008 0.00& 0008 000% 0008
Cco 0.000% 0.000% 0.000% 0.000% 0.000% 0.000% 0.00% 000% 0000% 0.000& 0.000% 0.000% 0.000%
H2 0.000% 0.000% 0.000% 0.000% 0.000% 0.000% 0.00% 0O0C0% 0.000% 0.000% 0.000% 0.000% 25.0%
N2 0.000% 0.000% 0.000& 0.000% 0.000% 0000% 768% 00% 0000% 0.000% 0.000% 0.000%8 0.00%
Sum: 100.0% 100.0% 100.08 100.0% 100.08 100.0% 100.0%8 10008 100.0% 100.0% 100.0% 100.0%8 100.0%
H20 Fr. 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

P. Cake Plates MMdust MMDrs Coke Fe Chip Air Oxygen Lenox NitlerDs Silica_ Anzon WNatGas

]
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulate Hrs 4 to 6 After Charge Door is Closed { Complete the Reduction)

ESTIMATE OF STACK EMISSIONS (FROM NEW BAGHOUSE) WHEN OPERATING THE 3.6-M ROTARY FURNACE,

and Summary of Results of Furnace and Flue Calculations

Drying Melting Reduction
Operation time during each furnace charging cycle: Hr .................... Hr 3.0 Hr
Initial temparature for drying, melting, or reduction: °F °F 1445 °F
.Temperaturp at finish of drying, melting, or reduction: °F °F 1697 °F
Notural gos firing rate: Bt/
Average off-gas temperature from the furnace: °F °F 2156 °F
Natural gas consumed by the furnace: Ft3/Hr Ft3/Hr 5201 Ft3/Hr

Oxygen consumed by the furnace: Ft3/Hr F{3/Hr 8877 Ft3/Hr

Diluted flue gas to the stack

Flow rate entering stack @ 95 °F  ACFM . ACFM 17,285 ACFM
Flow, DSCFM = 77°F @ 1 atm.: DSCFM o * DSCFM 15,822 DS3CFM
Moisture content of gas to stack: Yol & ) Vol & 1.5% Yol ®

Particulates to stack grains/dscf:

Emissions from Stack (Lb/Hr)

Tetraethy] lead: *BDL  Lb/Hr *BDL  Lb/Hr *BDL  Lb/Hr
Total chlorine expressed as chloride: Lb/Hr Lb/Hr 0.021  Lb/Hr
Lead as PD: Lb/Hr Lb/Hr 0.11 Lb/Hr
Antimony as Sb: Lb/Hr Lb/Hr 0.0043 Lb/Hr
Arsenic as As: **ID  Lb/Hr *%*ID  Lb/Hr *%D  Lb/Hr
Barium as Ba: Lh/Hr Lb/Hr <«0.0t  Lb/Hr
Silver as Ap: Lb/Hr Lb/Hr <0.01 Lb/Hr
Cadmium as Cd: Lb/Hr Lb/Hr <0.01  Lb/Hr
Chromium as Cr Lb/Hr Lb/Hr 0.0003 Lb/Hr
Mercury, thallium, end beryllium: XHENIF kil ||| S ***N!F

el Insuflcmnt date to est|mate

Ty

el Below Detectable leu
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Master Metal's 3.6-m SRF Using 100® 02 to Burner: Simuiate Hrs 4 to 6 After Charge Door is Closed { Complete the Reduction)

mt Bullion Mat+Slag Dust Qut | mi All mt In A1l mt QutiMoleChecks| Al. Wi.
PbO 0.00000 0.07000 /6877 {PDO 210899  0.23011 10.056826 223
Pb- 11.54928 000000 0.60000 |Pb® - 980521 1154928 [0.056826 207
c* 0.00000 017079  0.00000 |C* 0.32812 0.17079 | 0.417651 12
c02 0.00000 0.00000 Q3027 |C02 0.32829 0.90517 | 0.417651 44
Fe*® 0.00000 0.00000 0.00000 (Fe*" 0.19007 0.00000 | 0.005071 55.8
Fel 0.00000 0.36181 0.00227 |Fe 0.11851 (0.36408 [ 0.005071
503 0.00000 0.00000 Q05435 |S03 0.19583 (0.05438 | 0.006124
S 0.00000 0.17421  0.00000 |5 011763  0.17421 1 0.006124
Na2( 0.00000 1.06609 0.15866 [Na(K)20 1.22475 1.22475 |RefrConsum
5102 0.00000 1.26437 0.00227 |Si02 1.26664 1.26664 | 0.00154
Ca0 0.00000 007209 0.00045 (Ca(Ba)0y 0.07254 0.07254 | 0.00000
Mg0 0.00000 0.13730 0.00045 |Mg0 0.13775  0.13775 | 0.00000
Cr203 0.00000 002112 0.00059 [Cr203 0.02171  0.02171 | 0.00000
A1203 0.00000 0.10048 (0.00045 |AI203 0.10093  0.10093 | 0.00231
NaC1 0.00000 0.10024 0.04533 [NaCl 0.14557 0.14557 | 0.00000
SnG 0.00000 0.04170 0.01133 [Sn0 0.05304 0.05304 | Sulfide
S$b203 0.00000 021288 0.00680 [Sb203 021968 0.21968 339.0
H20FrCb 0.00000 0.00000 0.00000 |HZ20FrCh 0.00415 (0.24354 | Atomic
In0 0.00000 0.01215 0.00907 (Zn0 0.02121 0.02121 37.4
502 0.00000 0.00000 Qo007 (502 0.00000 0.00001 | Weights
02 0.00000 0.00000 Q0000 (02 0.53320 0.06603 86.9
Cu0 0.00000 ©.05911 0.00113 {Cu0 0.06024 0.06024 159.0
H20XL 0.00000 0.00000 0.00000 |H20XL 0.00000 0.00000
co 0.00000 0.00000 0.00000 |CQO 0.00000 0.00000
H2 0.00000 000000 0.00000 |HZ 0.02660 0.00000
N2 0.00000 000000 0.00000 [N2 0.63804 0.63804
Sum: 11.9493 Z.8643 |0.453309 |Sum: fl?71970 17.71970
i Bullion Mat+Slag | Dust Out CHECK
3 = 0.453309 2] 02Mole =

Check | 1.071093

1.071093
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulate Hrs 4 to 6 After Charge Door is Closed (Complete the Reduction)

Moles To Flux

0.0087
0.0474
0.0687
0.0174
0.0034
0.0016
0.002
0.0037
00172
0.0211
0.0013
0.0034
0.0001
$5.0010
0.0017
0.0003
0.0007
0.0135
0.0001
0.0000
0.0167
0.0007
0.0000
0.0060
0.0133
0.0228

Pb{
Pb"
c.
co2
fe®
FeQ
503
S

5i02
ca(Ba)0
Mg0
¢r203
A1203
NaCl
Sn0
S5b203

H20FrCh |

In0
502
02
CuQ
H20XL
co

HZ

N2

Moles To Flux

Na(K)20 |

7/23/91
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simurate Hrs 4 to 6 After Charge Door is Closed ( Complete the Reduction)

3 . mt Total In Total Out _mt At. Wt. m3/tmols
4PbO 2.1090  0.2301 |PbMoleSum| 223 25.93 |PbO
APh 98052 115493 | 11.7629| 207 3234 |Pb°
Jc* 0.3281  0.1708 |[11.7629 12 533 |C°
1C02 0.3283 0.9052 | Fa&Sm.s. 44 0.00 [CO2
3fe" 0.1901  0.0000 | 0.00507 | 55.8 1468 |Fe®
] Fe0 0.1195  0.3641 | 0.00507 | 71.8 15.28 |FeO
1503 0.1958  0.0544 |0.00612 80 S03
15 0.1176  0.1742 |0.00612 32 16.00 |S
ANa(K)20 1.2247  1.2247 |Refractory 62 31.00 |Na(K)20
35102 1.2666  1.2666 |0.00154 60 27.27 |si02
jca(Ba)0  0.0725  0.0725 | 0.00000 56 18.67 |Ca(Ba)O
Mg 0.1378  0.1378 | 0.00000 | 40.3 1221  {MgO
3Cr203 0.0217  0.0217 | 0.00000 152 3455 |Cr203
JA1203 0.1009  0.1009 |0.00231 102 31.88 |A1203
I NaCl 0.1456  0.1456 | 0.00000 | 585 34.41 [NaCl
1500 0.0530  0.0530 |CmoleSum| 135 20.93 [Sn0
15b203 02197  0.2197 [0.03480| 291 55.96 |[Sb203
JH20FrCb  0.0042  0.2435 [0.03480 18 0.00  |H20FrCb
3Zn0 0.0212  0.0212 | HwtSum | 81.4 14.88 |In0
1502 0.0000  0.0000 |0.02706 64 S02
102 05332  0.0660 |0.02706 32 02
3Cu0 0.0602 00602 [ OwtSum | 795 12,42 |Cu0
JH20XL 0.0000  0.0000 |1.07109 18 H20XL
1C0 0.0000  0.0000 |1.07109{ 280 co
TH2 0.0266  0.0000 | Check? 2.0 H2
HN2 0.6380  0.6380 28.0 N2
3 Sum: 17.7197 17.7197 At Wt  m3/tmole
3 mt In mt Qut

[g/cc-ft3/1b 6242
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Master Metal's 3.6~m SRF Using 100% 02 to Burner: Simulate Hrs 4 to 6 After Charge Door is Closed { Complete the Reducuon)

Boundary Conditions for Operating H fusion Fusion
the Short Rotary Furnace kcal/kgmole Kcal/hr
PBO 6570 62134.9
Dust recycle rate, dry mt/hr 0.45 Pk 1150 54473.4
Calculated Natl. Gas Kcal/hr Input 1,411,292 C
Calculated Natl. Gas used, mt/hr 0.106 coz2
Calculated Natl. Gas used, kg/hr 106.39 Fas 7730 26330.8
FeQ 7500 12483.2
Natl. Gas heat content (net), kcal/kg 13,265 503
Nat). Gas density, 1b/ft3 @ STP 0.044
Fuel heat capacity, kgeal/kg°C 0.55 Na( K. )20 11400 54586.2
Nat). Gas density, kg/m3 @ STP 1,44 5i02 2600 54820.8
Fuel temperature, C 7 Ca(Ba)0 12200 15804.1
Air temperatures, C 7 Mqg0 18500 63235.8
Cr203 4000 571.4
, A1203 25700 24848.9
Splids feed conc. temperature, C 7 Mall 6700 15745.4
Return dust temperature, C 7 3n0 6000 2357.2
= Offgas temperature, C 925 Sb203 13300 10040.2
Final solids tempsrature,°C 925 Cud 13580 10290.9
Zn0 4500 1172.8
Stoic. oxygen for fuel, kgdry/kg fuel  4.00 sum = 141430. 408,896
& excess oxygen for natural gas -0.20
“ZAIr inleakage to furnace, mi/hr 0.83 Chemical Reactions
kcal/kg of:
PbQ + 1720 =Pb* + 1/2C02 24.5 Pb®
Atomizing steam, kcal/kg 0.00 PbS + Na20 = Na25 +1/202 139.3 PbS
Atomizing steam, kg/kg fuel 0.00 Fe* + PbS = Fad + Pb° 21.3 Fe®
PbS + Fed = FeS +Pb0 145.7 Fes
Sum H20 in furnace solids, mt/hr 0.00 [PbOSO3 + Na20 = Na2S +Pb0 + 202 2276.9 Na25
Moisture in air&028&Gas, mt /hr 0.00 Na2C03 = Na20 + CO2 725.0 Na2CQ3
Total moisture to plant, mt/hr 0.00
4 Furnace shell tlemperature, F 500 _
HFurnace (small) shell area, m2 57.65 Large=  69.08 |
“{Heat loss, kiln shell & door | kcal/hr 127,638 |
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulate Hrs 4 to 6 After Charge Door is Closed { Complete the Reduction)

3DrssProdmt Dross,® Normalized
0.00000 8.000%8 Silicate
0.00000 861518 Fraction
0.00000 0.000% i.e., Slag Assay
0.00000 0.000%
0.00000 0.000% 46% Al203+Cr203
0.00000 0.000% 95% Fel
0.00000 0.0003 -
0.000060 5000838 -
0.00000 0.000% 38.3% Na20
0.00000 0.0003 47.6% Si02
0.00000 0.000% 100.08 TOTAL
0.00000 0.000%
0.00000 0.000% |Sulfur Balance(mtor &)
0.000006 0.000% Heat S Inas S 0.1960
0.00000 0.000% Heat S.0ut a5 S 0.1960
0.00000 0.135% |Heat S02as S 0.000196
0.00000 0.560%  |SDross(Heat) 0.0000
0.00000 0.000% Ssilicate{ Heat, 0.0705
000600 0.000% Smatie( Heat): 0.1037
0.00000 0.000% 5 in dust=Heat 0.0218
0.00000 0.000%8 |Sout by addn
0.00000 0.154% R
0.00000 0.000%
0.00000 0.000%
0.00000 0.000%
0.00000 0.000% Wt S02 0.00G0%

0.00000

--------------

Pb0O.PbS
Ph*

Ct

co2

Fe- ;FeS
Fel

503
S:Na2s
Na{ K)20
5i02
Ca(Ba)0
MqO
Cr203
Al203
NaCl
Sn0
S5h203
H20FrCh
In0

302

02

O CUO
SIH20XL

Suifur Ponl=
Oxygen Pool=
FeSvsNa2Smat

0.08712
-6.27638
50.0%8
0.68647

_i\_la20 pool=

..........

Total B=Check

S02 exit/hr, Short Tons
this furnace:  0.000014
S02 exit/yr, st/yr
all furnaces: 0.43
EofSasSilicate 3608
& of 5 asMatte 529%
% of S asDross
% of 5as Dust 11,18
& of S as Gas D.10%

100%

1
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Master Metal's 3.6-m SPF Using 1002 02 to Burner: Simu.ste Hrs 4 to 6 After Charge Door is Closed ( Complete the Reduw..on)

mt of CO2= 0.219

Q from Phi= 0.135 but not dust.
0 for Fe= ~(.050 but not dust.

0 form 503= 0.085 but not dust.

O from Snld= 0.0013 but not dust.
0 fromSbhz203= -0.0224 but not dust.

0 from Znl= 0.0002 but not dust. |FeOMoleFract.
O from CuQ= 0.0000 but not dust. 0.07
Ofor Siinfet -0.0030 |C02/C0Owt.=R 0.0904
mieqCOZ ir= 0.4204 1.27R + 1= 1.1148

(CO2-x)/1.27%=C027C0 wt=R
(CO2-x)=1.27Rx
CO2 decornposed =1.27Rx + x =x( 1.27R+ 1))
n= 0.377 mt CO2 decomposed
1.27%= 0.479 mt CO evolved from melt.
CO2-x= 0.043 mt CO2 evolved from melt.
0.217 mt Carbon needed for above.
0.452 mt C
0.171 mt carbon for slag; {inc. H2)
0.027 Wet stoic. Coke
mi 20.% Excess Coke
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Master Metal's 3.6-m SRF Using 100% Q2 to Burner:

Simuiate Hrs 4 to 6 After Charge Door is Closed { Complete the Reducuion)

Density

an°®
6.60
6.40

Sb°

Cu®
8.40

ANa(K)20
15i02
3Ca(Ba)0
1Mg0
iCr203
JAT1203

MaCl
Sn0
56203
HZOFrCh
Zn0

502

02

Cul
H20XL
co

H2

N2

Oxy n Qut=

mt 02 Qut =5 /MslieSiaz . mt 02 In

0.0165%1 200874 0.15132
G.00000 290000 0.00000
0.00000 (2759 0.00000
065831 200000 0.23876
G.00000 200000 0.00000
G.08113 2027698 0.02663
0.03263 200000 0.11750
0.00000 DO8710 0.00000
0.31606 253304 0.31606
0.67554 5747/ 0.67554
0.02073 RIS 0.02073
0.05469 aafrs s 0.05469
0.00686 200430 0.00686
0.047%0 DOF5r40 G.04750
G.00000 QO5896 0.00000
0.0062% 200647 0.00629
0.03624 Q4094 0.03624
0.21278 200200 0.00000
0.00417 200222 0.00417
0.00001 & 00:)00 0.00000
Q.06603 &80 0.93320
0.01212 2l 0.01212
0.00000 Q00000 0.00000
0.00000 Q0000 0.00000
0.00000 202007 0.00000
0.00000 200000 0.00000

/ 57555 2.247%9

2.24759_|

~oxygen in

PbO
Pb*

CG

co2
Fe*

FeO
S03

S
Na(K)20
Sig2
Ca(Ba)o
MgO
Cr203
Al203
NaCl
Sn0
Sh203
H20FrCh
InG
S0z

02

Cuf
H20XL
co

H2

'm3 of Bullion: 1.02

m3 of Slag: 1.58
m3 of Dross: 0.00

m.3 in Charga;

......................................................
................................................................
............................................

FreshBrckM3 6.9

WornBrickM3 8.8

Effective Furn. Yolume
with New Brick

vs with Worn Brick
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulate Hrs 4 to 6 After Charge Door is Closed (Complete the Reduction

Heat Capacity Calc., kcal/kg

Mass Basis Heat Inputs

Mass Basis Heat Qutputs

T1,C= 785 for solids mt/hr kcal/hr mi/hr keal/hr
12,C= 925 for solids Fuel Combustion 1,411,292 {Sensible Heats:
Average Feed 0.180 4.3235E-05 ‘ 0.106
Steam forAtomization 0 CO2 exhaust dry gas 283,532
co2 313 0.00 0.91
kcal/kg Coke Combustion: 125,666 CO exhaust dry gas 0
¢o 316 0.0164 0.00
Sensible Heats: 02 exhaust dry gas 18,931
Dust recy. 0.184 0.0000838 0.07
Dry furnace feedstocks 771,019 N2 exhaust dry gas 199,768
T1,C= 25. for gases 5.64 0.64
T2,C= 1180. for gases Ory dust recycle 21,130 502 exhaust dry gas 3
0.15 0.00001
Matural gas 413 Solids in Charge 1,067,183
0.106 ( heated/hr) 5.42
Gas combustion oxyagen 558 Dry dust in offgas 17,640
0.24 0.08
Total air into furnace 1,361 Slag discharge is zero 0
0.83 0.00
kcal/kg H20 in all input gases 29 H20 from all input gases 2,520
02 287 0.004 0.004
502 221 Free H20 in solid feeds 0 Free HZ0 in solid feeds O
0.00 0.00
Air 0.234 0.0000173 |FeS-Fe*&Fe0 Formation aH -2.711
HZ0 vapor 607 Sensible Heat |NaZSfrom PbS " -7.,323 H20 from combustion 145,213
keal /kg NazSfrom 503 -26,839 0.24
N2 313 Na20~Naz2C03 -383,372 H20 from atomization steam 0
Pb® from PbhQ -3,563 0.00
H2Q Yaporize 598 Refractory dissolved: -8 H20 from solid Rx product: 0
Heat of boiling 0.0003 0.00
Heats of fusion and vaporization:
Fusion _ -15,902
Yapor ization=already in aH 0 Shell+Door +Refr heat 1osses 156,960
Total Heat Input, kcal/hr 1,891,750 | Total Heat Qut, kcal/hr: 1,891,750

1/24/91
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulate Hrs 4 to 6 After Charge Door is Closed ( Complete the Reduction,

Pb0
c
co2

Fed

Na2$
Na(K)20
Si02
Ca(Ba)0
Mg0
Cr203
Al1203
NaCl

Sn0
S3b203
H20FrCh
InG

502

02

CuC

TOTAL SLAG

Slag Wi, mt Matte Wit mt

0.07000 0.00000
0.06000 0.02514
0.14126 0.02952
0.00000 0.00000
0.00000 0.11952
0.25212 0.01195
0.00000 0.00000
0.17181 0.10618
0.84513 0.00000
1.26371 0.00066
0.07205 0.00004
0.13723 0.00007
0.02111 0.00001
0.10043 0.00005
0.09849 0.00175
0.03963 0.00207
0.20703 0.00681
0.00000 0.00000
0.01100 0.00138
0.00000 0.00000
0.00000 0.00000
0.00516 0.05395
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
343616 0.35909
51

e

PbhSs
C

co2
FeS
FeQ

Na25

S5i02
Ca(Ba)0
Mg0
Cr203
A1203
NaCl
CdO
S5b253
H20FrCh
In5

302

02

Cu2d

TOTAL Malte
g Wi,mi Matte Wt mt

45%
1.0%

2.00
S.0%
2.03%

0.005
0.005
0.005
0.005
0.005
0.17,
0.50
0.27

1.00

100.00

% fixed C in matte + slag.

is Ph3 in Malte

is Matte + Slag factor kg Pb loss/mt bullion.
is (matte/slag) concentration ratio for coke
is the & NaZS in slag

is the percent sulfur in slag.

is { matte/slag) concentration ratio for silica

is ( matte/slag) concentration ratio for lime

is (rnatte/slag) concentration ratio for magnesia
is ( matte/slag) concentration ratio for chromia
is (matte/slag) concentration ratio for alumina
is ( matte/slag) concentration ratio for chloride
is ( matte/slag) concentration ratio for tin

is (matte/slag) concentration ratio for antimony

is ( matte/slag) concentration ratio for Zn

is ( matte/slag) concentration ratio for Cu

7/24/91
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Master Metal's 3.6~m SRF Using 100%& 02 to Burner: Simulate Hrs 4 to 6 After Charge Door is Closed { Complete the Reduction)

Calculation of Slag Yiscosity
Wt & Weight MoleFrac.Slag MoleNonMatie

PBHO 2.2% 0.07 0.0064 0.00031
X"Si02"= 0.43 Moles Si+P+Ti Pb* 0.0% 0.00 0.0000 0.00000
X"“Ca0"= 0.18 Moles Ca+ g+ Mn+Ph+Zn+Fe[C"® 0.0% 0.00 0.0000 0.00000
X"AI1203 = 0.02 Moles Al203+Cr203 co2 0.0% 0.00 0.0000 0.00000
X"Ng20"= 0.32 Moles NaK 20+Na2z$5 ( non-mat|Fe® 0.0% 0.00 0.06000 0.00000
X"CaF2"= 0.03 Moles NaCl FeQ 7.9% 0.25 0.0710 0.00351
A= 1.73E~07 S03 0.0% 0.00 0.0000 0.00000
B= 1.43E+04 Na2$5 22% 0.07 0.0446 0.00220
Na(K)20 2658 0.85 0.2758 0.01363
5i02 39.6% 1.26 0.4261 0.02106
Ca(Ba)0o 2.3% 0.07 0.0260 0.00129
¥ in Poise °K °G Mg0 4.3% - 0.14 0.0689 0.00341
Yiscosity= 30.4 1198 925 Cr203 0.7% 0.02 0.0028 0.00014
Yiscosity= 108.7 1073 800 Al203 318 0.10 0.0199 0.00098
Yiscosity= 38.3 1173 900 MNaCl 3.1% 0.10 0.0341 0.060168
Yiscosity= 16.0 1273 1000 Sn0 1.28 0.04 0.0059 0.00029
Yiscosity 7.6 1373 1100 |Sb203 6.5% 0.21 0.0144 0.00071
B ;1 Other 0.0% 0.00 0.0000 0.00000
H7n0 0.3% 0.01 0.0027 0.00014
502 0.0% 0.00 0.0000 0.00000
102 0.0% 0.00 0.0000 0.00000
4Cu0 0.2% 0.01 0.0013 0.00006
STH20XL 0.0% 0.00 0.0000 . 0.00000
4C0 0.0% 0.00 0.0000 0.00000
tH2 0.0% 0.00 0.0000 0.00000
1N2 0.0% 0.00 0.0000 0.00000
] : 100.008 3.19 1.0000 0.04942
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Master Melal's 3.6-m SRF Using 100% 02 to Burner: Simulaters 4to 6 After: Charge Door is Closed { Complete the Reduction,

| 100 _ Start-up controller [
Calculation of the low-temperature heat capacities

A T2 -T1 B T250-T1sq 1/712-1/T1

1.05E-03 1.43E+04 2.06E+05 -3.07E-04

5.53E-04 1.43E£+04 6.20E+03 -3.07E-04

Sb406 vap.

02
502

H20 vapor

NZ

1.69E-03

5.00E~04
9.40E-04

1.23E-03

4.50E-04

1.43E+04

1.42E+04
1.43E+04

1.43E+04

1.43E+ 04

8.30E+05

4.00E+04
1.84E+05

0.00E+00

1. 20E+04

-3.07E-04

-3.07E-04
-3.07E-04

-3.07E-04

~3.07E-04

7/24/91
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Master Metal's 3.6-m SRF Using 100% 02 to Burner: Simulate rirs 4 to 6 After Charge Door is Closed ( Complete the Reductior: ;

Calculation of high-temperature heat capacities, kcal/kg

Low-Temp. Heat Capacities:

T1,°C= 0
A 12-T1 B T2sq-Tlsg C 1/T2-1/T1 12,°C= 25
Heal Capac.
_ _ Kcal/kq
oz 10.57 1155 1.05E-03 2.02E+06 2.06E+05 -2.7E-03 €02 4.91E+00
Co 6.708 1155 5.53E-04 2.02E+06 6.20E+03 -2.7E-03 Co 6.20E+00
¥ mass for input heat calc:
¥ mass for outputput heat caic
¥ mass in from material bal:
Sb406 vapor 52.016 1155 1.69E-03 2.02E+06 8.30E+Q5S -2.7E-03 | 5h203 vapor  1.83E+00
02 7.16 1155 5.00E-04 2.02E+06 4.00E+04 -2.76-03 02 5.43£+00
302 11.04 1155 9.40E-04 2.02E+06 1.864E+05 -2.7E-03 502 2.64E+00
HZ0 vapor 7.5 1155 1.23E-03 2.02E+06 0.00E+00 ~2.7E-03 +H20 vapor tT1E+GT
N2 6.83 1155 4.50E-04 2.02e+06 1.20E+04  -2.67E-03 N2 6.20E+Od
7/24/91 /¥ HAZEN RESEARCH, INC., Project 6911




